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PREFACE  TO  FOURTH  EDITION. 


The  cordial  reception  given  this  text  is  much 
appreciated  by  both  the  author  and  the  publishers. 
In  issuing  a  fourth  edition  the  chapters  have  again 
been  carefully  reviewed  and  the  known  facts  to  date 
in  elementary  histology  have  been  properly  recorded. 

The  new  introduction  is  written  wholly  for  the 
elementary  student,  to  arouse  in  him  an  interest  in 
the  subject  matter  of  the  text,  and  to  show  the  close 
relation  of  normal  histology  to  kindred  important 
sciences.  The  text  on  spermatogenesis  has  been 
enlarged  and  the  known  facts  stated  in  as  clear  and 
brief  a  manner  as  possible.  Some  of  the  figures 
have  been  replaced  with  new  ones,  and  minor 
changes  have  been  introduced  throughout  the  text 
wherever  the  subject  matter  could  be  improved. 

In  this,  as  well  as  in  former  editions,  the  author 
has  kept  in  mind  his  original  fundamental  purpose, 
to  issue  a  clear  and  concise  text  that  could  be  used 
as  a  basis  on  which  the  instructor  might  **  build 
and  complete  his  ideal  elementary  course  in  his- 
tology." 

Chari.es  Hill. 

Chicago,  Iix., 
September,  191 7. 
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PREFACE. 


This  manual  is  written  in  the  interest  of  element- 
ary students.  The  fundamental  facts  in  histology 
have  therefore  been  presented  in  as  clear  and 
concise  a  manner  as  possible,  and  theories  advanced 
only  to  simplify  the  facts  and  aid  the  memory  in 
their  retention.  The  figures  have  been  selected 
with  considerable  care  and  are  intended  to  illus- 
trate the  salient  points  of  the  text.  They  are  to 
be  studied  as  critically  as  the  text,  and  to  further 
facilitate  such  a  study  the  descriptive  terms  are 
placed  on  the  figures  rather  than  in  foot-notes. 

The  oral  cavity  deserves  more  attention  than 
is  usually  given  this  subject.  Neglect  of  proper 
care  of  teeth  is  a  common  failing,  and  the  cause 
may  be  traced  directly  to  a  lack  of  knowledge 
of  their  structure  and  function.  This  chapter  has 
therefore  been  enlarged.  The  author  is  greatly 
indebted  to  Professor  Frederick  B.  Noyes,  of  the 
Northwestern  University  Dental  School,  for  con- 
tributing most  excellent  figures  on  this  subject. 
His  critical  essays  form  the  basis  for  the  descriptive 
part  of  this  chapter. 

The    author    believes    most    thoroughly    in    the 

laboratory    method    of    study.     He    believes,    too, 

that  the  laboratory  work  should  precede  the  class- 
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room  work,  for  which  this  manual  is  written. 
Laboratory  technique,  however,  is  so  extensive  a 
subject  that  a  laboratory  text,  or  the  teacher's 
personal  outHnes,  should  be  used  for  this  particular 
work.  In  conformity  with  this  view,  only  the  funda- 
mental principles  of  laboratory  technique  are  out- 
lined in  the  text. 

Lastly,  the  subjects  treated  have  been  made  funda- 
mental and  brief,  that  the  teacher  in  charge  may 
supplement  the  chapters  by  collateral  work  as  may 
fit  the  particular  course  offered.  It  is  therefore  a 
basis  on  which  the  instructor  may  build  and  com- 
plete his  ideal  elementary  course  in  histology. 

Charles  Hill. 
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A  MANUAL  OF 

NORMAL   HISTOLOGY 

AND 

ORGANOGRAPHY. 

INTRODUCTION. 

PROTOPLASM. 

In  all  this  material  world,  with  its  complexity 
of  products,  there  are  but  two  forms  of  material 
things — namely,  living  matter  or  protoplasm  and 
lifeless  or  dead  matter.  Protoplasm  is  not  life.  We 
do  not  know  what  life  is,  but  whatever  it  is,  we 
know  it  is  not  a  material  substance.  We  cannot 
see,  feel,  taste,  touch,  or  weigh  life,  but  we  can  do 
all  these  things  with  protoplasm.  Spencer  defines 
life  as  the  "continuous  adjustment  of  internal  rela- 
tions to  external  relations" — an  acceptable  concept. 

Protoplasm  always  reflects  life,  and  it  is  therefore 
regarded  as  the  physical  basis  of  life.  Protoplasm, 
whether  in  plant  or  in  animal,  shows  a  uniformly 
related  structure  and  has  many  identical  character- 
istics. It  is  a  colorless,  transparent,  jelly-like  sub- 
stance, of  an  albuminoid  nature,  resembling  the 


l8       NORMAL  HISTOLOGY  AND   ORGANOGRAPHY. 

white  of  an  egg.  It  differs  from  all  lifeless  matter 
in  being  able  to  reproduce  itself,  repair  a  wasted  or 
depleted  condition,  develop,  and  grow.  The  sharpest 
kind  of  a  line  divides  this  living  matter  from  dead 
matter,  and  yet  we  know  that  the  closest  relations 
and  interrelations  do  exist.  Even  in  our  own  phys- 
ical bodies  these  two  forms  prevail,  for  the  outer 
layer  of  the  skin,  the  hair  and  nails,  the  liquid  part 
of  blood  and  lymph,  the  fibers  of  ligaments  and 
tendons,  the  lime  of  bone,  all  are  lifeless  or  dead 
matter.  While  today  we  firmly  believe  that  living 
matter  develops  only  from  pre-existing  living  mat- 
ter, we  know  that  dead  matter  is  constantly  and 
unceasingly  being  incorporated  into  living  matter, 
actually  transformed  into  living  matter  through  the 
mysterious  elaboration  of  this  selfsame  living  sub- 
stance. Thousands  of  tons  of  dead  matter  are  thus 
daily  converted  into  living  matter,  throughout  the 
animal  and  vegetable  kingdoms,  on  land  and  in  the 
seas.  Were  this  constructive  force  natiu^e's  only 
process,  a  most  unfortunate  condition  would  soon 
prevail,  with  a  dearth  of  the  one  form  and  a  great 
surplus  of  the  other — the  living.  But  we  recognize 
a  reverse  current  equally  strong  whereby  the  "dust 
shall  return  to  the  earth  as  it  was  and  the  spirit  to 
the  God  who  gave  it."  That  mysterious  and  in- 
sidious enemy  Death  is  absolutely  necessary  that 
man,  or  any  other  living  being,  may  live.  It  is  the 
duty  of  the  medical  profession  to  divert  this  return 
current  as  far  as  possible  that  humanity,  one  and 
all,  may  enjoy  threescore  and  ten  happy  years. 
Protoplasm,  so  intimately  associated  with  life,  has 
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been  subjected  to  all  forms  of  analyses.  The  chemist 
tells  us  that  protoplasm,  whether  animal  or  plant, 
yields  the  following  elements :  carbon,  hydrogen,  oxy- 
gen, nitrogen,  and  some  sulphur.  He  is  unable  to 
tell  us  the  combining  relation  of  these  elements  in 
protoplasm,  for  the  obvious  reason  that  in  his  anal- 
yses protoplasm  as  living  substance  is  destroyed  and 
life  has  departed.  But  it  is  of  interest  to  know  that 
these  elements,  combined  in  some  mysterious  and 
unknown  way,  make  this  marvelous  substance  liv- 
ing matter.  It  is  also  of  interest  to  reflect  briefly 
upon  the  individual  peculiarities  of  these  elements. 
Carbon  is  a  soUd,  exists  free  in  nature,  and  reiiiark- 
able  for  its  allotropic  forms,  it  being  found  as  coal, 
or  graphite,  or  diamond.  Its  combining  power  with 
other  elements  is  extensive,  and  its  durability  is 
well  known.  Hydrogen  is  a  gas.  It  is  the  lightest 
known  substance.  It  is  practically  never  found 
free  in  nature.  Its  combinations  with  other  ele- 
ments are  many,  forming  often  very  stable  com- 
pounds, the  most  common  being  its  union  with  oxy- 
gen to  form  water.  Oxygen  is  a  gas  and  found  free 
in  nature,  forming  nearly  20  per  cent,  of  the  atmos- 
phere. Its  combining  power  is  perhaps  the  most 
extensive  of  all  the  elements,  forming  many  stable 
oxides.  Nitrogen  is  also  a  gas  and  found  free  in 
nature,  forming  about  79  per  cent,  of  the  atmosphere. 
Unlike  oxygen,  its  combining  power  with  other  ele- 
ments is  very  weak,  and  when  it  does  so  combine 
the  substances  formed  are  very  unstable.  Nitro- 
gen, therefore,  is  one  of  the  chief  elements  in  our 
explosives.     Sulphur,  Uke  carbon,  is  remarkable  for 
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its  allotropic  forms.    Very  small  amounts  of  sulphur 
are  found  in  living  matter. 

Protoplasm  is  a  restless  substance,  its  granules 
manifesting  a  slow  ameboid  movement,  which  be- 
comes accelerated  with  increased  physiological  ac- 
tivity. At  the  end  of  a  day's  labor  and  toil  it  is 
not  only  exhausted  but  actually  depleted,  requiring 
repair  and  the  replacing  of  its  lost  particles,  which 
is  accomplished  by  some  marvelous,  subtle,  intrinsic 
power  so  characteristic  of  living  matter.  Food  is 
the  raw  material  utilized  for  this  purpose,  and  it 
naturally  follows  that  the  essential  elements  of  food, 
whether  for  plants  or  animals,  must  be  identical  with 
those  found  in  protoplasm — namely,  carbon,  hydro- 
gen, oxygen,  nitrogen,  and  some  sulphur.  This  is 
universally  the  case,  as  we  find  these  present  in  the 
necessary  food  products,  such  as  carbohydrates,  hy- 
drocarbons, albuminoids,  and  proteins.  As  a  mat- 
ter of  fact,  the  diet  of  man  is  largely  the  protoplasm 
of  some  other  living  organism,  animal  or  vegetable, 
or  both.  Huxley,  in  his  lecture  on  the  ** Physical 
Basis  of  Life,''  very  fittingly  outlines  this  transmu- 
tation of  the  elements  of  protoplasm  when  he  says 
that  in  order  to  replace  the  ' '  number  of  grains  of 
protoplasm  and  other  bodily  substances  wasted  in 
maintaining  my  vital  processes  ...  I  shall  prob- 
ably have  recotu'se  to  the  substance  commonly  called 
mutton  .  .  .  and  the  subtle  influence  to  which  it 
win  then  be  subjected  will  convert  the  dead  proto- 
plasm into  living  protoplasm  and  transubstantiate 
4aerp  into  man.  Nor  is  this  all.  If  digestion  were 
to  be  trifled  with,  I  might  sup  upon  lobster 
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and  the  matter  of  life  of  the  crustacea  would  undergo 
the  same  wonderful  metamorphosis  into  humanity. 
And  were  1  to  return  to  my  own  place  by  sea  and 
undergo  shipwreck  the  crustacea  might  and  prob- 
ably would  return  the  compliment  and  demonstrate 
our  common  nature  by  turning  my  protoplasm  into 
living  lobster," 

The  medical  student  is  here  reminded  of  the  con-J 
stant  warfare  being  waged  between  many  forms  ofl 
living  matter.     We  acknowledge   today  that  most! 
of  the  diseases  to  which  mankind  is  an  heir  and  i 
victim  are  nothing  else  than  vicious  attacks  upon  ' 
us  by  some  form  of   Hving  matter.     Tuberculosis, 
pneumonia,  diphtheria,  typhoid,  tetanus,  cholera, 
bubonic  plague,  and  many  other  serious  and  fatal 
diseases  are  now  directly  traced  to  invasions  of  mi- 
cro-organisms, truly  living  things.     Self-preservation 
is  nature's  first  law  and  it  is  God's  law.     Protective  J 
selfishness  and  the  preservation  of  a  race,  whatever! 
be  the  sacrifice,  is  a  fundamental  principle  deeply] 
implanted  in  every  form  of  living  organism.     There! 
is,  therefore,  no  mercy  shown  in  this  warfare.    There! 
is  no  hope  of  peace  in  this  conflict,  nay,  not  even  al 
respite,  and  sooner  or  later  practically  each  one  of  I 
us  must  fall  a  victim  to  the  enemy's  invasion. 

The  discovery  of  the  germ  origin  of  disease  has 
placed  the  study  of  medicine  on  a  new  and  substantial 
scientific  basis.  Not  satisfied  with  merely  a  defensive 
program,  this  warfare,  by  means  of  preventive  med- 
icine, has  assumed  the  offensive  to  such  a  degree  that  I 
the  disease  scourges  which  in  the  past  sometimes  de- 
cimated a  people  are  today  an  impossibility. 
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Histology  is  the  science  that  treats  of  cells  and 
their  products,  therefore  it  is  largely  a  study  of 
protoplasm.  The  fundamental  principles  of  thera- 
peutics are  based  upon  the  action  of  drugs  on  proto- 
plasm, Pathology  involves  a  recognition  of  micro- 
scopic changes,  other  than  normal,  in  living  matter. 
Physiology  has  much  to  say  about  the  actions  and 
products  of  this  same  substance.  Embryology 
traces  the  developmental  history  of  protoplasm  to 
form  tissues,  organs,  and  a  new  living  being.  It  is 
this  great  importance  of  protoplasm,  and  partic- 
ularly its  relation  to  histology,  that  has  prompted 
these  introductory  remarks. 


CHAPTER  I. 

DEVELOPMENT. 

The  human  body  is  composed  of  related  structural 
units  that  may  be  grouped  in  a  series  of  gradually 
increasing  complexity.  The  simplest  structural  unit 
is  the  cell,  which  is  defined  as  a  spacially  limited 
mass  of  protoplasm  capable  under  certain  conditions 
of  assimilation,  growth,  and  reproduction.  It  is  a 
microscopic  unit  and  forms  the  physical  basis  of  life. 
The  next  grade  of  units  is  a  tissue,  which  consists  of 
a  complex  of  similarly  diflferentiated  cells  and  their 
derivatives.  Embryonic  tissues  are  mostly  cellular, 
while  in  some  tissues  of  the  adult  body,  such  as  bone 
and  cartilage,  the  cell  products  predominate.  The 
next  higher  grade  of  units  is  an  organ,  which  struc- 
turally consists  of  a  complex  of  tissues  forming  a 
body  with  a  definite  internal  structure  and  external 
form.  Lastly,  the  highest  structural  unit  is  a  system, 
such  as  the  nervous  system,  digestive  system,  respi- 
ratory system,  a  series  of  which,  collectively,  make 
up  the  human  body. 

Histology  is  the  branch  of  science  that  treats  of 
cells  and  their  derivatives.  These  cells,  in  the  adult, 
are  modified  according  to  their  intrinsic  qualities,  en- 
vironment, function,  and  varied  experiences,  which 
enable  us  to  classify  them  and  ultimately  place  them 
in  a  few  elementary  groups. 

The  ovum,  or  starting-point  of  every  individual, 

is  a  cell.     Human  embryology  comprises  its  intra- 

23 
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uterine  development.  Onloycuy  is  a  broader  term, 
which  includes  not  only  embryology,  but  the  develop- 
mental history  of  an  individual  up  to  old  aye  or  the  i 
senile  condition.  There  is  another  form  of  develop-  \ 
ment,  much  slower,  but  just  as  certain  as  ontogeny. 
This  affects  not  only  the  individual,  but,  collectively, 
every  member  of  the  animal  jiroup.  In  the  study  of 
races  there  is  aiiipk-  evidence  that  structural  changes 


i 


Fig.  t.— Furroalion  o(  the  polar  bodies  in  Ihc  m-a  ot  Aslcriiis  gln- 
tiotis  (Hcrtwig):  pS,  [lolur  splniilr;  ph',  ftrsl  polnr  bitdj'l  ph",  si'C^ind 
polar  body;   n,  nuckua  reluming  li>  (undiiiim  ciI  tl-si. 

have    slowly    but    gradually    taken    place.     This 

broader  developmental  history,  or  history  of  a  race, 

is  known  as  phytogeny.     It  is  closely  interwoven  with 

the  ontogenetic  development,  so  much  so,  that  the 

\aller  in  large   part  repeats   tlie   former,   or   one's 

pHybgctietic  history  is  repeated  in  the  ontogeny. 

in  devc\optnent,  therefore,  the  iihylogenetic  or 

Kittmsic  qualities  of  a  cell  are  important  factors. 

T>»se  taclots  constitute  heredity.     There  is  further 
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evidence  that  these  factors  arc  lotlgcd  in  the  chro> 
matin  of  the  cell  nucleus. 

Environment  is  the  other  great  factor  that  brings 
about  a  structural  modification.  It  is  between 
environment  on  the  one  hand,  and  heredity  on  the 
other,  that  a  specialization  and  differentiation  of 
cells,  tissues,  and  organs  is  produced. 

A  cell  is  a  spacially  limited  mass  of  protoplasm 
which,  under  certain  conditions,  will  assimilate,  grow, 
and  reproduce  it;ie]f.  A  tissue  is  a  complex  of  simi- 
larly differentiated  cells  and  their  derivatives.  An 
Oft/an  is  a  complex  of  tissues,  forming  a  body  with  a 
definite  internal  structure  and 
external  form. 


\'^-'0 


Fig  3 — Partiont  of  Ibe  im  of  A  sitrias  glattalii  show  ng  the  np 
TinMch  and  fusion  of  Lhe  spcrmaloMNtn  with  thr  ovum  (Hertwig).  a, 
wrlilwing  male  ekmenl;  ft,  etcvKtion  of  pmloplasra  of  rgg;  b',  f,  slagra 
of  fusion  uf  lhe  head  of  the  spermatozoon  with  the  ovum. 

Ovulation  and  Maturation. — The  ova  develop  in 
the  ovaries  and  are  differentiated  very  early  during 
embryonic  life.  The  estimated  number  of  ova  in  each 
ovary  is  35,000.  It  is  a  remarkable  phenomenon  that 
for  many  years  these  units  show  no  attempt  at  devel- 
opment or  cell  division.  At  the  age  of  puberty  one  or 
more  of  these  cells  pass  periodically  from  the  human 
ovaries,  approximately  every  twenty -eight  days  in  ttu 
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non-pregnant  woman. 
Tliis  process  is  known 
as  ovulation, 
and  continues  ^™™"b 
up  to  the  time  jn,„^*» 
of  the  meno- 
pause, which  appears 
generally  at  the  age  of 
forty-iive. 

As  soon  as  the  ovum 
is  lilKTatcd  from  the 
ovary,  a  mitotic  divis- 
ion   of     the     nucleus 
takes    plaec,   and    the 
ovum  cxtnules  or  pro- 
duces   wliat    is   called  '  *■'"""""'■ 
the    first    polar    hotly. 
This  is  a  form  of  Imd-         „ 
ding,  the  [Kjlar  iKMly           ''- 
receiving  one-half  the 
original  nucleus  of  the                   ^  -"  :-- 
ovum.  Without  delay,         ^     ■                   /\ 
a  sccoimI    division    of     /                               \ 
the     nucleus     in     the 

ovum  lakes  place,  and  '^!,',"'^"' 

a   second    i>olur   IkkIv 

is  j>r<Kluced.      This   is  -j 

also  an  equal  division 
of    the    nncleus,    hut  -^   _ 

this  time  there  is  a  Kig.  ,v— .\.  hniii/j-<l  "vum  ..t 
rcludion  of  ono-half  ;;S'„™S;„:^|.l~l;;:i:'S 
the  number  of    chro-    n  ih.yh.iv,-Him.H.i  fu~.ii;  c.  ..*iinn>f 

.  ,         i-rliinu.'i  afu-rcumpklionuf  fvrluiatltun 

mosomes,  and  may  be  (Henwigj. 
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called  a  reduction  mitosis,  as  distinguished  from  all 
preceding  and  all  succeeding  divisions,  which  are 
called  somatic  mitosis.  The  significance  of  this  re- 
duction has  ted  to  many  theories.  During  the 
process  the  nucleus  loses  its  membrane,  is  much  re- 
duced in  size,  and  is  now  known  as  the  female  pro- 
nucleus. All  these  preliminary  changes  are  known 
as  maturatior  oj  the  ovum.  Without  fertilization, 
further  development  of  the  ovum  does  not  seem  possi- 
ble in  higher  forms,  and  the  cell  is  invariably  lost. 

Fertilization. — By  this  is  meant  the  union  of  a 
spermatozoon  with  the  ovum,  or,  more  technically, 
the  union  of  a  male  and  a  female  pronucleus.     This 


iUDtOptl 

ipindU. 


Fig.  4, —  Diagram  of  the  diviiian  of  Ihr  frog's  egg  (Hcrtwig); 
slagc  of  the  first  division.  B,  stage  of  the  Ihini  diviaion.  TK« 
srgments  of  the  second  stagr  ot  division  lire  lieginning  to  be  divi- 
by  tin  equatorial  Cnrrow  into  eight  scgmrnis;  p,  pigmEaled  surface 
the  egg  at  ihu  aiiiiaal  pole;  tr,  ifac  part  of  the  egg  which  is  richer  in 
d,  the  pitrt  which  is  richer  in  dcuioptaam;    sp,  nurleac 


union  takes  place  in  the  upper  part  of  the  oviduct. 
Maturation  always  precedes  fertihzation.  But  in 
lower  forms  experiments  upon  unfertihzed  eggs  in 
the  absence  of  spermatozoa  have  resulted  in  the 
■development  of  embryos,  or  larvae,  and  in  a  few  in- 
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stances  adult  animals.  This  interesting  result  may 
be  obtained  by  adding  certain  salts  to  the  sea-water 
in  which  the  eggs  of  marine  animals  normally  de- 
velop, or  in  the  case  of  the  frog  by  puncturing  with 
a  needle  the  outer  layer  of  the  unfertilized  egg. 
Professor  Loeb,  who  inaugurated  these  experiments, 
is  of  the  opinion  that  oxidation  is  thereby  stimu- 
lated, which  is  followed  by  an  accelerated  protoplas- 
mic activity  that  initiates  a  normal  development  of 
these  ova  without  the  process  of  fertilization.  If 
a  spermatozoon  enters  the  ovum  before  the  polar 
bodies  are  extruded,  the  spermatozoon  remains  inert 
within  the  cell  until  maturation  is  completed.  The 
ovum,  thus  reinforced,  enters  upon  an  aggressive 
growth,  a  phenomenon  quite  in  contrast  with  its 
preceding  history. 


^mmal  Jiole, 


l/eoe  ta  ti  veJ!}ole. 


Fig.  5. —  Cleavago  in  igg  of  frog,  i  to  16  cell  stage. 

Segmentation  or   Cleavage. — Following  fertiHza- 
tion  the  ovum  multiplies  rapidly  by  mitosis.     The 
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I  union  of  male  and  female  nuclei  restores  the  reduced 
I  number  of  chromosomes,  which  remain  constant  and 
I  usually  even  in  number  for  every  succeeding  division. 
I  In  certain  insects  an  odd  number  of  chromosomes 
lappears,  in  which  case  the  embryo  develops  into  a 
Ijnale.  By  repeated  divisions  a  spherical  mass  of 
Icells  is  produced,  known  as  the  morula  stage. 


Bl£^tuU. — The  spherical  mass  quickly  develops 
1  hollow  sphere,  lined  by  a  single  layer  of  cells, 
and  is  then  a  bhstula.  The  cavity  of  the  blastula 
is  the  segmentation  cavity. 

Gastrula. — A  more  vigorous  growth  seems  to 
Ltake  place  at  one  point  of  the  blastula,  producing 
Elateral  pressure  and  an  invagination  at  that  place 
■fio  as  to  form  a  two-layered  eup-Ukc  structure — in 
lome  eggs  a  blastoderm — known  as  the  gastrula .  The 
[astrulse  vary  considerably  according  to  the  different 
Jforms  of  cleavage.  It  is  an  established  fact  tliat  all 
■metazoa  pass  through  the  morula,   blastula,  and 
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gastrula  stages,  respectively,  in  the  course  of  their 
development.  The  cup-like  cavity  of  the  gastrula  is 
known  as  the  archenieron  or  ccelenteron,  and  is  des- 
tined to  develop  into  the  alimentary  canal.  The 
pore  or  external  opening  of  the  coelenteron  is  called 
the  blastopore. 

The  gastrula  has  two  layers  of  cells :  an  outer,  the 
ectoderm,  and  an  inner,  the  entoderm.     The  cells  of 


Srgmrnia/um  caxity. 


Ectotlerm . 


Blast  ula. 


BltJilop.'rc  guslrula. 


Fifi-  7- — Sections  through  a  blastula  and  a  gastrula  of  amphioxus. 

the  entoderm  are  much  larger  than  the  cells  of  the 
ectoderm  and  there  is  thus  a  structural  difference; 
In  cleavage  that  results  in  a  two-layered  blastoderm 
the  term  hypoderm  is  used,  which  is  thus  morpho- 
logically equivalent  to  the  entoderm.. 

The  two-layered  gastrula  is  rapidly  invaded  by  a 
third  layer  of  cells,  the  viesoderm,  which  develops 
between  the  first  two  layers  and  ultimately  fills  that 
cavity.  This  cavity,  which  is  the  segmentation 
cavity  of  the  blastula,  permanently  disappears. 
The  origin  of  the  mesoderm  has  long  been  a  con- 
tested question.  The  favored  theory  seems  to  be 
that  for  higher  forms,  at  least,  it  develops  from  the 
hj-poderm. 


'■lis**'"' 
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The  mesoderm,  although  at  first  a  solid  mass  of  cells, 
is  an  invaginated  fold  in  which  a  cavity  soon  appears, 
having  an  inner  layer  of  cells  that  affiliates  closely 


Fig.  R.— Safiiilal  si-cli.m  ihniugh  an  egg  ot  IriKm  (after  the  entl  ot 
fpiBlruliuiiin):  ab,  oiili-r  R.-rm-1ayer;  ("*,  mnt-r  germ-layer;  di,  j-olk- 
itlls;  dl  nnrl  vl,  iliirsal  ami  vcniral  !![«  of  Ihi'  rielcnU-ron;  uJ,  ctrlen- 
teron;  d,  vit.'llinf  plug;  mk,  micldl,-  giTm-laycr  (Hcrtwig), 


with  the  hypoderm  cells,  and  an  outer  layer  that  ap- 
plies itself  to  the  ectoderm.  The  hypoderm  with 
its  mesoderm  layer  is  known  as  the  splancknopleure, 
while   the   ectoderm   and   its   mesoderm   is   the   so~ 


Fig.  9,— TransviTSf  si-iiiun  ot  thiik  ciiilirjo  »2  he 

malopleure.     The  new  cavity  thus  produced  is  the 
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coelom,  or  body  cavity,  and  is  destined  to  become  the 
pleural  and  peritoneal  cavities.     The  mesoderm  on 


huv  l.p,>ii  I'sLilili^^liiil  .n  ilir  si.linf  Ihp  cWila  nn.Jnnjr.il  lubr;  up. 
,m-,.  [....llLuiila;  r/,  nu<!iill:irj  ^n..-.-c:  vh,  forr-Urain;  ,ift.  cye-v«idr; 
m/(,  mid  briiin;  hh,  lim>l  lirjin  ;  mi',  primilive  stgrnpnl;  sli,  strni-aine; 
fc,  parirlal  lanf,  h,  hciirl;  ph,  iwricantiHl  pnrt  of  Ihc  body  ra4itj;  W, 
mar^n  of  ihf  entraiiLp  to  the  hmd-gut  {verdtrt  Ifarmpjotlr),  sci-n 
lliruugh  the  overlying  structures ;  aj,  amnioiit  foW  ;  vo,  vena  cimpha- 
lomrscnlcriru. 

each  side  of  the  neural  canal  becomes  symmetrically 
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blocked  by  means  of  a  longitudinal  fold  and  many 
transverse  folds;  thus  many  segments  or  joints  are 
produced,  known  as  myotomes  or  mesoblastic  somites. 
From  these  develop  bone,  voluntary  muscle,  and  the 
dermis  of  the  skin. 

While  these  progressive  changes  are  going  on  in  the 
mesoderm,  a  longitudinal  dorsal  groove  develops  in 
the  ectoderm.  By  a  median  fusion  of  the  margins  of 
the  groove,  it  is  transformed  into  a  longitudinal  canal, 
the  neural  canal,  which  develops  into  the  brain  and 
spinal  cord. 

This  brief  embryonic  growth  has  been  productive 
in  specialization  and  differentiation  of  cells.  In  no 
case  will  the  cells  of  one  germ  layer  reproduce,  re- 
place, or  function  for  the  cells  of  any  of  the  other 
layers.  As  derivatives  of  these  three  germ  layers  we 
are  able  to  give  the  following  table  (Minot,  "Em- 
bryology/' 1903)' 


A.    Ectoderm. 

I.  Epidermis. 

(a)  epidermal  appen- 
dages. 
id)  lens  of  eye. 


2.  Epithelium  of 

(a)  cornea. 
{d)  olfactory     cham- 
ber. 
(c)  auditory  organ. 
(</)  mouth 

ioral  glands), 
enamel  organ), 
hypophysis). 
{e)  anus. 
{/)  chorion 

(fetal  placenta). 
C^)  amnion. 

3.  Ner\'ous  system. 

(a)  brain 

(optic  nerve), 

(retina). 
id)  spinal  cord. 
Ic)  ganglia, 
r)  neuraxons. 


B.    Mesoderm. 

1.  Mesothelium. 

(a)  epithelium  of  per- 
itoneum, pericar- 
dium, pleura,  uro- 
genital organs. 

{d)  striated  muscles. 

2.  Mesenchyma. 

(a)  connective  tissue, 
smooth  muscle, 
pseudo  -  endothe- 
lium,       fat-cells. 


C'.    Entoderm. 
I.  Notochord. 


pigment  cells. 

Dlood. 

blood-vessels. 


d)  lymphatics, 
spleen 
')  supporting     tis- 
sues,    cartilage, 
bone. 
Cs')  marrow. 


Epithelium  of 

(a)  digestive  tract, 
esophagus,  stom- 
ach, liver,  pan- 
creas, small  intes- 
tine, yolk-sack, 
large  intestine, 
cecum,  vermix, 
rectum,  allantois 
(bladder). 

(b)  phar>-nx.  Eusta- 
chian tube,  ton- 
sils,thymus, para- 
thyroids, thyroid. 

{c)  respiratory  tract, 
larynx,  trachea, 
lungs. 


I5i 
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Fig  ij— Ini^. 


THE  CELL. 
More  than  two  hundred  years  ago  the  English 
botanist,  Robert  Hook,  described  cork  as  made  up 
of  "little  boxes  or  cells  distinct  from  one  another." 
In  1838  Schleiden  postulated  a  cellular  basis  for 
plants,  and  according  to  his  conception  these  cells 
were  minute  compartments  filled  with  a  fluid  sub- 
stance in  each  of  which  floated  a  nucleus.  The  fol- 
lowing year,  1839,  Schwann  showed  that  the  animal 
body  was  likewise  built  up  of  cells  resembling  those 
described  by  Schleiden  in  plants.  These  observa- 
tions placed  animals  and  plants  on  a  common  struc- 
tural basis  and  established  the  cell  theory,  now  re- 
garded as  one  of  the  great  biological  discoveries  of 
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the  eighteenth  century.  Von  Mohl  in  1846  recog- 
nized in  these  cells  a  viscid,  semifluid,  granular  sub- 
stance which  he  named  protoplasm.  Meanwhile 
extensive  observations  by  other  scientists  demon- 
strated the  existence  of  cells  without  cell  walls,  all 
of  which  prepared  the  way  for  Max  Schultze,  who  in 
1 86 1  showed  conclusively  the  identity  of  protoplasm 
in  all  life,  establishing  the  protoplasm  theory,  another 
great  biological  discovery  of  the  eighteenth  century. 
The  conception  of  a  cell,  as  postulated  by  Schleiden 
and  Schwann,  thus  became  modified,  so  that  today 
this  biological  tenn  stands  for  a  nucleated  mass  of 
protoplasm  which  under  certain  conditions  is  capable 
of  assimilation,  growth,  and  reproduction.  In  some 
cells,  as  certain  bacteria,  no  nucleus  has  been  found; 
however,  in  animal  tissues  as  a  rule,  the  nucleus  is  con- 
stantly present  and  forms  an  essential  part  of  the  cell. 
Whenever  the  nucleus  is  lost  or  destroyed,  the  cell  dies. 
Protoplasm.— Wherever  we  find  protoplasm  we  find 
life,  and  wherever  we  find  life  we  find  protoplasm. 
Protoplasm  is  not  life,  but  all  agree  it  is  the  physical 
basis  of  life.  Every  particle  of  protoplasm  has  its 
origin  in  some  antecedent  protoplasm,  and  so  on,  in 
an  unbroken  series,  all  life  is  traced  back  to  the  earli- 
est primitive  form  of  protoplasm.  This  protoplasm 
is  a  viscid,  transparent,  jelly-like  substance.  It  is  not 
a  substance  of  unifonn  physical  and  chemical  proper- 
ties, but  a  mixture  of  many  organic  compounds  which 
in  many  ways  resemble  the  proteid  bodies  or  the  albu- 
mins. It  is  insoluble  in  water,  but  absorbs  water  in 
variable  quantities.  The  protoplasm  of  dry  seeds  may 
contain  but  three  or  four  per  cent,  of  water,  while 
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in  parenchymatous  or  young  growing  tissues  we  may 
find  ninety-five  per  cent,  of  water.  The  phenomenon 
of  motion  is  common  to  all  protoplasm.  In  plant 
protoplasm  a  streaming  process  is  manifest,  which 
shows  considerable  regularity  as  to  the  direction  of 
the  current  within  the  cell.  This  motion,  as  well  as 
physiological  activities,  is  greatly  modified  by  change 
in  temperature,  and  its  activities  are  also  very  sen- 
sitive to  change  in  intensity  of  light  and  even  to  the 
different  colors  of  light  as  well  as  to  the  actinic  rays. 
It  is  therefore  irritable  in  the  highest  degree. 

Cytoplasm  is  the  name  given  to  the  protoplasm  of 
the  cell  body  or  that  which  surrounds  the  nucleus. 
The  cytoplasm  exhibits  (i)  a  fine  reticulum  of  anas- 
tomosing or  interlacing  threads  or  plates  of  vary- 
ing complexity  called  spongioplasm  or  fibrillar  mass. 
These  threads  arc  probably  composed  of  small  par- 
ticles or  granules,  named  microsomes y  that  are  in  close 
touch  with  each  other  and  arranged  in  rows.  The 
other  constituent  of  cytoplasm  is  (2)  a  fluid  sub- 
stance lying  between  the  meshes  of  the  spongio- 
plastic  reticulum,  and  has  been  called  hyaloplasm, 
paraplasm,  or  cytolymph.  Recent  observations  in- 
dicate that  the  microsomes  arc  primarily  derived 
from  the  nucleus  and  constitute  the  more  important 
vital  parts  of  the  cell. 

In  some  cells  the  microsomes  are  so  placed  as  to 
give  a  foam-like  structure  to  the  cytoplasm  rather 
than  a  reticular  appearance.  Again,  the  cytoplasm 
of  certain  cells  has  a  homogeneous  watery  appearance 
devoid  of  any  definite  structure.  There  are  therefore 
three  theories  as  to  the  structure  of  protoplasm: 
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1.  That  it  is  a  fluid  homogeneous  substance. 

2.  That  it  consists  of  minute  spherical  globules, 
like  an  emulsion. 

3.  That  it  is  a  mass  of  interlacing  fibrils,  forming  a 
complex  reticulum. 

In  many  cells  the  protoplasm,  at  or  near  the  sur- 
face, is  quite  dense,  forming  what  is  then  called  the 
ectosarc.  The  more  vicsid  central  portion  is  the 
endosarc. 

In  the  cytoplasm,  usually  by  the  side  of  the  nucleus, 
a  small  body  may  be  found  in  most  cells,  called  the 
cenlrosome.  The  centrosome  is  occasionally  in  the 
nucleus  and  l)ut  little  larger  than  a  microsome,  being 
usually  surrounded  by  a  clear,  radially  striated  area 
of  protoplasm  called  the  attraction  sphere.  The  cen- 
trosome takes  an  active  part  in  the  multiplication  of 
cells,  but  otherwise  its  function  is  problematic. 

The  cell  wall  is  to  be  regarded  as  a  cell  product. 
In  plant  tissues  the  cell  wall  is  relatively  thick  and 
composed  largely  of  cellulose.  In  animal  tissues  the 
cell  wall  i.s  unusually  thin,  often  difficult  to  demon- 
strate, and  in  many  cases  absent.  Examples  of  the 
latter  are  arao'bas,  white  blood  corpuscles,  nerve  cells, 
and  probably  liver  cells. 

Nucleus.— The  nucleus  is  the  second  constituent 
of  the  cell  and  is  a  round  or  an  o\al  protoplasmic 
body  found  floating  in  the  cytoplasm.  Its  shape 
usually  corresponds  to  the  form  of  the  cell,  but  oc- 
casionally C-shaped,  ring-shaped,  and  even  branched 
nuclei  are  found.  Its  position  may  be  eccentric  or 
at  one  end  of  the  cell.  It  has  more  consistency  than 
the  cytoplasm,  but  is  i)laslic  and  displays  consider- 
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able  elasticity.  Independent  movement  of  the  nu- 
cleus in  the  cytoplasm  has  often  been  observed.  At 
the  same  time  its  relation  to  the  cytoplasm  is  a  most 
intimate  one  and  many  cytoplasmic  particles  doubt- 
less have  their  origin  in  the  nucleus. 

The  structure  of  the  nuclear  protoplasm  is  even 
more  complex  than  that  of  the  cytoplasm.  A  reticu- 
lum of  coarse,  thread-like  texture  is  constantly 
present.  This  stains  deeply  and  is  therefore  called 
chromatin.  The  chromatin  threads,  like  the  spongip- 
plasm  of  the  cytoplasm,  are  made  up  of  minute 
particles  or  granules  compactly  arranged  in  rows 
that  cross  and  interlace,  making  nodal  points  here 
and  there  called  nuclear  net-knots.  The  chromatin 
is  imbedded  in  or  deposited  on  a  less  stainable  reticu- 
lum called  linin,  and  surrounding  both  chromatin 
and  linin  everywhere,  and  filling  their  meshes,  is  a 
semifluid  substance  that  does  not  readily  stain  and  is 
therefore  called  achromatin,  nuclear  sap,  paraltnin, 
or  karyolymph. 

Imbedded  in  the  achromatic  substance  are  one 
or  more  spherical  bodies  called  nucleoli.  The  nucleoli 
stain  less  heavily  than  the  chromatin  and  may  be 
dissolved  by  reagents  that  do  not  afi'ect  the  chro- 
matin; therefore,  they  are  comjxjsed  of  a  substance 
not  identical  with  the  latter.  Their  function  is  not 
known.  The  nucleus  is  usually  enclosed  in  a  thin 
nuclear  membrane  (amphipyrenin)  not  unlike  chro- 
matin material.  This  membrane  has  perforations 
which  allow  a  free  commimication  between  the  achro- 
matic fluid  of  the  nucleus  and  the  cytolymph  and 
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establish  a  most  intimate  relation  between  nucleus 
and  cytoplasm. 

Cell  Inclusions. — Bodies  of  a  solid  natiu-e,  not  pro- 
toplasmic, are  common  to  many  cells.  These  are 
pigments,  oil,  fat,  crystals,  glycogen,  starch,  chloro- 
phyl,  etc.,  and  are  spoken  of  as  cell  inclusimis.  The 
last  two  are  found  almost  exclusively  in  plant  cells. 
By  these  inclusions  the  shape  of  the  cell  is  often 
changed,  and  particularly  the  position  of  the  nucleus. 
Fat  gathers  at  one  end  of  the  cell,  crowding  the  nu- 
cleus to  the  opposite  extremity  and  displacing  the 
cytoplasm  to  the  periphery,  mostly  to  that  end  of 
the  cell  occupied  by  the  nucleus.  Pigment  may 
be  in  solution,  more  frequently  in  granules,  and 
always  in  the  cytoplasm,  not  in  the  nucleus.  Vacu- 
oles are  very  common  to  most  cells.  These  vary  in 
number  and  size  and  are  usually  spherical  cavities 
filled  with  fluid  secreted  by  the  protoplasm.  The 
vacuoles  contract,  often  with  considerable  regularity, 
and,  as  a  rule,  empty  to  the  surface  of  the  cell.  Waste 
products  are  in  this  way  eliminated  from  the  body 
of  the  cell. 

The  constituents  of  a  typical  cell  may  then  be 
summarized  as  follows : 

1.  Cytoplasm,  the  protoplasm  that  surrounds  the 
nucleus,  consisting  of, — 

(u)  Spongioplasm,  a  reticulum  or  fibrillar  network; 
(6)  Hyaloplasm,  a  fluid  portion,  also  called  cy- 
tolymph ; 

(c)  Cell  membrane,  often  absent  in  animal  cells. 

2.  Nucleoplasm  or  karyoplasm,  the  protoplasm  of  J 
the  nucleus, — 
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(o)  Nuclear  membrane,  frequently  absent; 
(6)  Cbromatin,  network  that  stains  easily; 


Fig.  , 


Spirrm. 
— Mil'rtic  divi^on  of  tells  in  Icsiis  of  salamander  (Bcnda  and 

Ujienther). 


(c)  Linin,  closely  applied  to  the  chromatin,  does 
not  stain;  dissolves  in  distilled  water; 

((I)  Nuclear  sap,  a  fluid  perhaps  anulugous  to  the 
hyaloplasm ; 

(r)    Nucleolus,  .spherieal  bo<Iy  that  stains  lieavily; 

(/)  Nuclear  net  knots,  or  karyosonies,  false  nuclei 
that  are  nodal  points  formed  by  interlacing  chro- 
matin network ; 

Ui)   Nuclear  membrane,  ampliipyrcnnin; 

(It)  Ccntrosome,  a  small  spherical  body  often  found 
in  the  cytoplasm  near  the  nucleus.  It  is  looked  upon 
as  the  dynamic  center  in  cell  division. 

Mitosis  or  Karyokiaesis. — Mitosis  is  indirect  cell 
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division,  and  refers  to  the  changes  manifest  in  the 
nucleus  during  such  division.  The  process  may  be 
divided  into  four  phases — 

I.  Prophase.  The  first  manifestation  of  mitosis 
appears  in  the  centrosome.  This  little  body  is, 
therefore,  looked  upon  as  the  dynamic  center  of  the 
cell.  The  centrosome  divides  and  each  half  passes 
to  opposite  poles  of  the  nucleus.  The  chromatin 
network,  which  really  consists  of  chromatin  granules, 
is  transformed  into  a  skein  of  threads  known  as  a 
Spirent  or  mother  skein.  These  threads  break  up  into 
a  definite  number  of  segments  known  as  chromo- 
somes. The  chromosomes  are  even  in  number,  and, 
for  a  given  species,  a  constant  number  is  always 
present.  In  the  human  cell  there  are  sixteen  chro- 
mosomes,— according  to  some,  twenty-foiu*.  To- 
ward the  close  of  this  stage,  each  chromosome 
forms  a  loop  and  is  finally  arranged  symmetrically 
around  the  equator  of  the  nucleus,  with  the  free  ends 
of  each  loop  turned  away  from  the  center.  This 
symmetrical  figure  is  known  as  monaster.  During 
this  stage  the  nuclear  membrane  usually  disappears. 
The  nucleolus  also  vanishes,  just  how  is  not  clear. 
The  net  knots  disappear  with  the  formation  of 
chromatin  loops. 

During  these  changes  the  achromatic  substance — 
linin  and  nuclear  sap — has  formed  a  central  spindle 
with  each  apex  directed  toward  a  centrosome.  This 
spindle  consists  of  fine  threads  or  lines  directed 
toward  the  centrosomes.  A  like  radiation  becomes 
manifest  in  the  cytoplasm,  each  line  being  directed 
toward,  or  from,  one  or  the  other  centrosome.     This 
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radiation  is  absent  from  the  protoplasm  immediately 
surrounding  each  centrosome,  forming  a  clear  field 
called  the  attraction  sphere.    The  lines  that  extend 


Fig.  14. —  Diagram  of 


into  the  cytoplasm  are  known  as  polar  rays.  Those 
that  form  the  spindle  seem  to  be  attached  to  the 
curved  portions  of  the  chromatin  loops. 

2.  Metaphase. — This  stage  begins  with  the  chro- 
matin loops  arranged  radially  in  the  equatorial  plane 
of  the  nucleus.  The  most  important  change  in 
mitosis  now  takes  place,  in  that  each  chromosome 
loop  divides  lengthwise  to  form  two  daughter  chromo- 
somes. This  is  an  equal  division,  both  qualitative 
and  quantitative.  The  curved  portion  of  each 
daughter  loop  passes  along  the  rays  of  the  achro- 
matic spindle  and  approaches  one  or  the  other  cen- 
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trosome.     There  are  three  theories  as  to  the  mech- 
anism involved: 

(i)  It  is  affirmed  that  the  threads  of  the  spindle 
contract  and  pull  each  daughter  loop  toward  its 
cen  trosome. 

(2)  The  rays  or  threads  may  elongate  and  push 
each  loop  toward  the  opposite  ccntrosomc.  Accord- 
ing to  this  theory  there  should  Iw  twice  as  many  lines 
or  rays  between  the  loops  as  there  are  spindle  rays 
from  each  centrosome,  an  observation  recorded  by 
some  investigators. 

(3)  The  centrosomes  may  be  fermenting  centers 
of  chemical  change,  and  the  explanation,  therefore, 
a  chemical  attraction  or  affinity. 

At  the  close  of  the  metaphase  the  daughter  loops 
arrange  themselves  respectively  around  each  cen- 
trosome forming  what  is  known  as  a  diasier  or 
daughter  star.  The  free  ends  of  these  are  turned 
away,  and  the  curved  portions  of  each  are  turned 
toward  the  centrosome. 

3.  Anaphase. — During  this  period  the  changes 
manifest  in  the  prophase  are  reversed.  The  clu-o- 
matin  loops  are  gradually  transformed  into  twisted 
skeins  of  threads,  called  daughter  skeins,  which 
ultimately  produce  the  normal  chromatin  reticulum. 
The  nuclear  membrane  and  nucleolus  reappear.  A 
constriction  of  the  cytoplasm  is  manifest  for  the  first 
time.  This  constriction  appears  in  the  plain  passing 
between  the  daughter  nuclei. 

4.  Telophase.— In  this  stage  the  cell  divides  com- 
pletely. Each  daughter  cell  gradually  assumes  the 
normal  condition  of  the  parent  cell  from  which  it  had 
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its  origin.  The  time  required  for  complete  division 
varies  from  one  to  several  hours. 

Amitosis  is  the  direct  cell  division  and  occurs  sel- 
dom as  a  normal  process.  The  nucleus  merely  con- 
stricts, without  the  formation  of  chromatin  loops  or 
filaments,  thus  producing  two  or  more  nuclei  or 
nuclear  fragments.  The  cytoplasm  may  not  take 
part  in  this  division,  in  which  case  polynucleated 
cells  are  formed;  however,  polynucleated  cells  may 
also  arise  from  mitosis.  Preceding  the  division  the 
nucleolus,  if  present,  may  subdivide,  while  the 
centrosome  does  not  seem  to  take  any  active  part 
whatever.  In  the  human  body  certain  leucocytes 
have  been  described  as  dividing  by  amitosis,  also 
polynucleated  pavement  cells  of  the  bladder.  De- 
generated cancer  cells  have  been  described  as  show- 
ing amitotic  division,  but  whether  a  cause  or  a  con- 
sequence of  degeneration  and  disease  can  be  argued 
with  equal  force.  On  the  other  hand,  certain  em- 
bryonic cells  have  been  described  as  dividing  by 
amitosis,  which  later  take  up  the  regular  cell  di- 
vision of  amitosis,  but  these  cases,  if  normal,  must 
be  regarded  as  very  exceptional. 

Laws  of  Cell  Cleavage. — (i)  The  cleavage  plane  is 
always  equatorial  to  the  nucleus. 

(2)  The  position  of  the  nucleus  depends  on  (a)  the 
shape  of  the  cell,  and  (6)  on  the  distribution  of  food 
material  or  secretions.  If  the  cytoplasm  is  eccentric 
in  the  cell,  the  nucleus  is  associated  with  it. 

(3)  When  each  plane  of  division  is  parallel  to  the 
preceding  plane,  a  filament  is  produced.  This  is  the 
law  in  some  plants,  as  spirogyra,  nostoc,  etc. 
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(4)  When  each  plane  is  at  right  angle  to  the  pre- 
ceding plane  and  in  two  dimensions,  a  surface  of  cells 
is  formed,  as  simple  epithelium. 

(5)  When  each  plane  is  at  right  angle  to  the  pre- 
ceding plane  and  in  three  dimensions,  a  volume  or 
an  organ  is  formed  with  three  dimensions,  as  the 
morula  stage  in  embryos. 

General  Considerations. — The  subject  of  cell  divi- 
sion has  given  rise  to  much  discussion.  While  we 
are  unable  to  control  mitosis,  the  following  are 
factors  that  modify  cell  growth : 

1.  Trauma. — Following  a  cut  or  a  bruise  the  ad- 
jacent cells  are  stimulated  to  rapid  multiplication 
and  the  wound  heals. 

2.  Heat. — There  is  a  mean  temperature  for  the 
maximum  multiplication  of  cells  which  varies  with 
the  species.  In  man  this  mean  temperature  is  blood 
heat,  98.6°. 

3.  Electricity. — By  stimulating  protoplasmic  ac- 
tivity, electricity  no  doubt  is  a  factor  in  influencing 
normal  cell  growth.  Just  how  this  is  accomplished, 
and  to  what  extent,  is  a  much-disputed  problem. 

4.  Light. — A  very  important  factor  in  promoting 
multiplication,  or  decreasing  it,  or  even  destroying 
certain  cells,  as  bacteria.  The  different  rays  of 
light  have  each  a  specific  effect. 

5.  Nourishment. — Proper  food  is  a  stimulant. 

6.  Chemical. — Certain  salt  solutions,  as  sodium 
and  potassium  salts,  have  a  stimulating  effect. 

7.  Exercise. — Regular  systematic  exercise  prompts 
a  healthy  growth.  Massage  acts  in  the  same  way. 
A  laborer,  after  a  day  of  toil,  is  exhausted  because 
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his  cells  are  depleted  and  some  of  them  actually  lost. 
During  his  period  of  rest  new  cells  are  built  up  from 
the  ingested  foods  and  thereby,  practically,  new  tis- 
sues are  formed,  giving  the  feeling  of  comfort  and 
increased  vigor.  The  acquisition  of  new  tissues  is 
an  asset  and  should  be  encouraged. 

Pathological  tumors  are  abnormal  growths  of  nor- 
mal tissues.  In  many  of  these  tumors  the  cells 
multiply  rapidly  by  mitosis,  resulting  often  in  un- 
equal division  of  the  chromosomes,  or  chromatin 
loops,  but  whether  this  is  a  cause  or  a  consequence 
can  be  argued  with  equal  force.  We  are  unable  to 
produce  these  tumors  experimentally,  and,  unfor- 
tunately, we  are  often  unable  to  stop  their  mul- 
tiplication of  cells. 

The  surface  of  a  sphere  increases  as  the  square  of 
its  diameter,  while  the  volume  increases  as  the  cube 
of  the  diameter.  As  the  cells  depend  upon  their 
surface  area  for  the  absorption  of  food  and  elimination 
of  waste,  and  as  the  volume  increases  at  a  greater 
rate  than  the  surface  area,  the  reduction  in  size  of  a 
cell  becomes  a  necessity. 

Much  significance  is  attached  to  the  fact  that 
mitosis  brings  about  an  equal  division  of  the  chro- 
matin or  chromosomes.  If  for  any  reason  an  un- 
equal division  obtains,  the  cell  becomes  abnormal 
and  a  monstrosity,  with  death,  follows.  Experi- 
mentally this  may  be  done  with  an  egg  cell,  which,  if 
anesthetized,  allows  more  than  one  spermatozoon  to 
enter,  resulting  in  an  unequal  division  of  the  female 
pronucleus  and  an  abnormal  development.  That 
chromatin  is  the  bearer  of  hereditary  qualities  is  a 
postulate  based  upon  the  observation  that  mitosis 
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results  in  an  equal  division  of  the  chromosomes. 
What  these  unrevealed  biological  units  are  is  a 
matter  of  much  controversy. 

Much  work  has  been  done  in  recent  years  on  the 
individuaUty  of  the  chromosomes,  estabhshing  the 
fact  that  they  vary  greatly  in  size,  form,  and  con- 
stituents in  one  and  the  same  cell.  Some  are  long 
and  some  are  short,  thick  and  slender,  greatly 
curved  and  nearly  straight,  stain  dark  or  take  only 
a  slight  stain;  in  short,  we  must  now  admit  their 
personnel  and  postulate  special  cell  function  for 
each  chromosome.  Moreover,  it  is  now  practically 
estabhshed  that  certain  spermatozoa,  particularly 
in  insects,  have  an  odd  chromosome,  and  that  from 
eggs  fertilized  by  this  particular  class  males  de- 
velop, whereas  from  fertilization  by  spermatozoa 
having  an  even  number  of  chromosomes  females  are 
produced.  In  a  species  of  insect,  Lygmts  bicrucis, 
the  males  develop  spermatozoa  that  have  all  the 
same  number  of  chromosomes,  but  in  one  set  there 
is  present  one  large  chromosome  and  in  the  other 
:set  there  is  present  one  small  chromosome.  If  a 
spermatozoon  with  the  small  chromosome  fertilizes 
the  egg,  a  male  develops,  and  if  one  with  the  large 
chromosome  fertilizes  it,  then  a  female  is  formed. 
vSex  chromosomes  have  now  been  recognized  in  a 
,large  number  of  males  of  different  groups  of  ani- 
mals, and  we  can,  therefore,  safely  affirm  that  the 
determination  of  sex  rests,  in  most  cases,  with  the 
intrinsic  quality  of  the  fertihzing  spermatozoSn. 
Morgan,  therefore,  concludes  that  "  if  these  observa- 
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tions  are  confirmed  they  show  that  in  man,  as  in  so 
many  ammals,  an  internal  mechanism  exists  by 
which  sex  is  determined.  It  is  futile  then  to  search 
for  environmental  changes  that  might  determine 
sex/*  ("Heredity  and  Sex,"  page  248,  Columbia 
University  Press,  1913.) 


CHAPTER   II. 

TISSUES- 

A  tisisue  is  a  complex  of  similarly  differentiated 
cells  and  their  derivatives.  In  all  embrj'onic  tissues 
and  some  adult  tissues  the  cell  elements  predominate, 
but  in  cartilage  and  bone  and  many  connective  tis- 
sues the  cell  products  make  up  the  bulk  of  the  tissue. 
There  are  four  kinds  of  elementary  tissues, — (i) 
epithelial  tissue;  (2)  Supporting  tissue;  (3)  Muscular 
tissue;   (4)  Nerve  tissue. 

I.  EPITHELIAL  TISSUE. 
Epithelium  lines  surfaces,  external  and  internal, 
and  forms  the  secreting  cells  of  glands.  (See  table, 
page  33.)  The  cells  of  this  tissue  are  derived  from 
any  one  of  the  three  germ  layers.  Blood  and  lymph 
vessels  do  not  penetrate  between  the  epithelial  cells, 
but  nerve  fibers  enter  the  deeper  strata  and  end  in 
minute  varicosities  that  lie  in  contact  with  many  of 
the  cells.  The  cells  have  a  regular  form,  a  thin  cell 
wall,  and  a  distinct  nucleus  that  is  rich  in  chromatin 
and  therefore  stains  easily  with  hematoxylin.  They 
usually  secrete  a  cement  found  between  adjacent  cells 
which  serves  the  purpose  of  holding  each  cell  firmly  in 
place.  The  cell  wall  is  usually  smooth,  but  in  certain 
places  the  lateral  walls  develop  many  short,  minute 
processes  (prickles)  that  meet  like  processes  from 
adjacent  cells,  forming  intercellular  bridges,  and  be- 
tween the  latter  are  found  intercellular  spaces  filled 
with  nourishing  fluid  for  the  individual  cells.     The 
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cell  rests  upon  a  basement  membrane  that  is  usually 
considered  to  be  made  up  of  basal  processes  of  the 
basal  cells. 

The  free  surfaces  of  epithelial  cells  may  develop 
cilia,  which  serve  the  purpose  of  sweeping  away 
fluids  or  foreign  bodies.  In  many  instances  a  deli- 
cate hning  called  the  cuticle  covers  the  free  ends. 
The  cuticle  is  to  be  regarded  as  a  cell  product,  and 
since  in  many  cases  a  fine  transverse  striation  can 
be  seen,  it  seems  probable  that  the  cuticle  is  built 
from  a  large  number  of  transverse  rods  cemented 


S-— E]i[lhplial  cells  fnim  skin  oJ  trtig.   Surface  view  of  external  layer. 


together.  In  columnar  cells  the  nucleus  is  usually 
found  at  the  basal  end,  thus  being  placed  nearer  the 
blood  and  lymph  supply,  the  nourishing  cell  media. 

lvpitlKli;il  lissui.-  is  rlassilii-d  as:  in  siMiple  ur 
(2)  styatififd. 

I.  Simple  epithelium,  cmisistinj;  of  a  single  lavtT 
of  ci-lls. 

((I)  Simplf  sqmimout,  tlat  single  layer  of  cells, 
found  in  llio  iilvfoli  of  ^ihe  Uuii;  and  in  Bowman's 
.'(;;apsule-cif>iie  kftine^t.:/-  //.     ■ 
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(b)  Simple  cuboidal,  found  forming  the  wall  of 
small  ducts,  portions  of  the  kidney  tubules,  and  the. 
vesicles  of  the  thyroid  gland. 

(c)  Simple    columnar,    ciliated     or    non -ciliated. 


Squamous  e|iilhi'lial  cells  from  the  mouth. 


This  is  the  most  common  form  of  simple  epithelium. 
The  alimentary  canal,  below  the  diaphragm,  has 
simple  columnar;  also  portions  of  the  kidney  tubules. 


I  Simple  ciliated  is  found  in  the  oviduct,  uterus,  cen- 
tral canal  of  the  spinal  cord,  and  smaller  bronchi.       , 

(d)  Pseudo-straiified. — In  this  type  all  the  cells 
rest  on  a  common  basement  membrane,  but  the 
nuclei  rest  at  different  levels,  which  give  the  tissue 
the  appearance  of  being  stratified.  Frequently 
this  tissue  is  ciliated,  as  is  tlie  case  in  portions  of  the 
respiratory  tract. 
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2.  Stratified    epithelium,    consisting    of    several 
layers  of  epithelial  cells. 


Fig.   iS.— Cilialeil  cpilhelium  from  trachea. 


(a)  Transitional,  consisting  of  two  or  three  layers 
of  cells,  found  in  the  wall  of  the  bladder,  ureters, 
pelvis  of  kidney,  and  prostate  portion  of  male 
urethra.     In  this  case  the  surface  layers  of  cells  are 


flat,  often  polynucleatcd  and  form  a  mosaic  pattern 
upon  the  second  layer,  which  is  pear-shaped,  with 
the  broad  ends  foruiinj:;  depressions  into  the  first 
layer  of  cells.  The  third  layer  consists  of  smaller, 
irregular,  interstitial  cells  that  fill  the  spaces  between 
the  pointed  ends  of  the  second  row. 


(b)  Stratified  Squamous. — In  this  case  the  super- 
ficial layers  are  flat  and  the  deeper  ones  cuboidal 


SiTlion  of  hladduT  epithelium. 

or  columnar.     This  is  the  most  extensive  of  the 

epithelial  tissues.     It  forms  the  epidermis  of  the 

skin,  the  walls  of  the  oral  cavity  and  the  esophagus, 

the  cpitheUum  of  the      „.„„.^^,^__ 

conjunctiva,  external       ^^^^j^^^^l_ camium «■ 

auditory    canal,    va-      gg^^g^^Tgg^g-     *""■>'  '">*'■ 

gina,  and  the  e^ter 

nal    sheath    of    hiir 

follicles. 

The  outer  cells  be 
come  horny  and  scale 
away  quite  regularly 
in  thin  lamellae,  TIil 
deeper  layers  arc  ar 
ranged  to  form  papil 
Ix  that  interlock  w  itli 
connective  tissut  pa 
pills  and  thus  not  only  anchor  the  epithelium  to  the 
subjacent  tissue,  but  increase  the  absorbing  surface 
by  approximating  a  larjfcr  numlwr  of  epithelial  cells 
to  the  uuderlyinjf  blood  and  lymph  capillaries. 
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(c)  Stratified  columnar,  ciliated  or  non-ciliated. 
This  is  found  in  the  olfactory  mucous  membrane,  the 
first  part  of  many  gland  ducts,  palpebral  conjunc- 
tiva, portions  of  the  male  urethra,  vas  deferens,  and 
portions  of  the  larynx. 

General  Consideratioos. — The  epithelial  cells  are 
simpler  and  more  embryonic  than  the  cells  of  the 
other    tissues.     They    are    continually    multiplying 
throughout  life,  to  re- 
place    the    superficial 
f  "      "■     layers   that    are    con- 

stantly   exfoliating 
^  from  the  surfaces.     If 

any  of  these  surfaces 
are  injured,  the  cells 
marginal  to  the  injury 
repair  the  loss  by  a 
gradual  growth  cover- 
ing the  denuded  sur- 
face. As  a  consequence 
of  this  mitotic  activity, 
we  find  these  cells  fre- 
([ucntly  in  pathological  jjrowths  as  epithelial  growths 
or  epithelioma.  If  the  tumor  is  malignant  it  is  a 
carcinoma  or  cancer.  It  is  a  remarkable  fact  that ,  in 
the  adult,  epithelium  is  able  to  produce  cells  only 
of  its  own  kind, — /,  c,  squamous  cells  produce 
squamous  epithelioma,  and  columnar  cells  columnar 
epithchoma.  Epithelial  tissue,  however,  is  easily 
modified,  as  is  evidenced  by  calloused  hands,  pro- 
duced by  heavy  labor,  and  the  cornification  of  nails, 
hair,  horns,  and  teeth. 
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Since  the  blood  supply  never  penetrates  epithelial 
layers,  it  is  evident  that  the  superficial  layers  of  cells 
receive  less  nourishment  and  ultimately  die,  which, 
perhaps,  accounts  for  the  constant  exfoliation.  It  is 
also  evident  that  anything  that  will  increase  the 
blood  supply  will  increase  the  nourishment,  as  fric- 
tion, massage,  and  hot  applications.  The  nour- 
ishment, at  best,  is  not  very  good,  which  explEiins  the 


Fig'  '.l- 


Si-iMHlia  fetrii  *l 


of  Ihe  fjT  of  pig. 


ease  with  which  skin  grafts  are  made.  Epithelial 
cells  will  live  for  twenty-four  hours  or  more  in 
normal  salt  solutions,  and  will  even  multiply  in 
favorable  culture  media. 

The  nerve  termination  among  the  epithelial  cells 
is  an  important  relation  which,  in  large  part,  controls 
their  metabolism.  A  disturbed  nervous  system  may 
impair  or  even  cause  a  destruction  of  epithelial  cells. 


56  NORMAL^  HISTOlrOGY  AND  ORGANOGRAPHY. 

Cilia  are  exclusively  confined  to  epithelial  cells. 
There  are  three  theories  to  account  for  the  motion 
of  cilia: 

1 .  The  contraction  may  be  intrinsic  in  the  wall  of 
the  cilium.  This  theory  is  supported  by  the  fact 
that  the  cilium  or  flagellum  of  a  spermatozoon  will 
show  motility  when  severed  from  the  rest  of  the  cell. 

2.  Contraction  of  the  base  where  the  cilia  are 
attached.  The  cilia  will  continue  to  vibrate  if  a 
fragment  of  the  cell  protoplasm  remains  attached  to 
them. 

3.  The  cilia  are  supposed  to  be  hollow  tubes  with 
walls  of  unequal  elasticity.  By  forcing  the  proto- 
plasm rapidly  into  these  tubes  ciliary  motion  is 
produced.  Pseudopodia  are  produced  in  this  man- 
ner,  and  the  morphological  relation  of  pseudopodia 
and  cilia  is  a  close  one. 

.  The  one  great  physiological  action  of  epithelium 
seems  to  be  to  secrete  fluids.  Consequently  epithe- 
lium is  found  lining  all  cysts  wherever  the  cyst  is 
located, — in  the  ovary,  the  skin,  or  in  connection 
with  the  alimentary  tract.  Conversely,  a  cyst  may 
be  formed  wherever  epithelium  is  found. 

Lastly,  it  is  of  the  greatest  importance  that  stu- 
dents should  be  able  to  recognize  epithelial  cells. 
The  facts  to  be  remembered  are : 

1.  That  they  line  surfaces. 

2.  That  they  appear  in  compact  layers. 

3.  The  oval  or  round  distinct  nucleus,  usually 
rich  in  chromatin. 

4.  The  regularity  of  the  cells,  i.  c,  they  are  of 
one  pattern,  either  squamous,  columnar,  ciliated,  or 
cubical. 
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5.  They  stain  deeply  with  nuclear  stains. 

6.  Their  chief  function  is  to  secrete. 

7.  The  absence  of  blood-  and  lymph- vessels. 

8.  The  presence  of  free  nerve  endings.  While  this 
is  of  no  diagnostic  microscopic  value,  it  is  physiolog- 
ically an  important  relation  to  bear  in  mind.  In 
wounds  and  old  sores  the  epithelial  border  is  the 
most  sensitive  part  and  should  be  carefully  manipu- 
lated to  avoid  inducing  pain. 

Glands. — Much  htcrature  has  been  contributed 
the  last  years  relative  to  the  proper  conception  as 
to  what  constitutes  a  gland.  The  prevailing  opin- 
ion seems  to  be  that  any  structure  which  secretes  or 
puts  out  a  product  that  is  not  used  directly  in  the 
metabolism  of  the  body  should  be  called  a  gland. 
If  the  fluid  is  a  waste,  the  product  is  an  excretion; 
if  it  has  a  utility,  it  is  a  secretion.  Accordingly, 
mucous  and  synovial  and  serous  membranes  are 
glandular  structures  as  well  as  the  liver,  the  pan- 
creas, or  the  kidney.  Furthermore,  the  simplest 
form  of  a  gland  is  a  single  secreting  cell  situated 
apart  by  itself,  and  such  unicellular  glands  are  quite 
common  in  invertebrates  and  are  represented  in  man 
by  the  goblet  cells  found  in  raucous  membranes. 
Epithelial  cells  are  the  chief  secreting  cells  of  the 
body,  and  these  cells,  therefore,  form  the  glandular 
tissue  of  all  glands  except  the  lyjnfho-glandulir, 
which  is  a  connective-tissue  production.  The 
lymph  glands  thus  constitute  a  class  entirely  by 
themselves  as  distinguished  from  all  other  forms,  i 
which  may  be  called  epithelial  glands.  As  one  of  ' 
the  important  functions  of  lymph  glands  is  to  con- 
tribute white  blood-corpuscles  and  thus  scatter  its 
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own  cells,  they  may  also  be  called  dehiscent  or  cyto- 
genic  glands,  a  term  applicable  to  the  testes  and 
ovaries,  which  are  epithelial  glands  that  perform  a 
similar  function  by  putting  out  their  own  cells  in 
the  form  of  spermatozoa  and  ovules. 

Numerous  goblet  cells  are  found  in  the  simple 
epithelium  lining  the  stomach  and  intestines,  and 
are  particularly  abundant  in  the  lower  part  of  the 
bowel.  These  cells  func- 
tion as  glands  and  secrete 
mucus  for  the  protection 
of  the  surface.  In  case 
of  irritating  media,  such 
as  undigested  food  or 
poisons,  extensive  mucus 
is  poured  out  over  the 
surface,  thus  protecting 
the  delicate  inner  lining. 
In  some  cases  of  consti- 
pation this  mucous  secretion  is  impaired.  Salts 
or  drugs  that  increase  the  functional  activity  of  these 
cells  correct  such  complication.  On  the  other 
hand,  too  extensive  a  secretion  may  be  corrected  by 
drugs,  as  opiates,  that  inhibit  the  physiological 
action  of  these  cells.  Constipation  may  be  due 
to  inertness  of  the  musculature  of  the  intestinal 
wall,  in  which  case  other  remedies  correcting  this 
disturbance  are  indicated  massage,  hydrotherapy, 
and  drugs  that  act  on  the  nuiscutalurc. 

Physiologically,  many  gland  cells  are  either  mu- 
cous or  sercms.  In  mucous  cells  the  mucus  secretion 
collects  at  one  extremity  of  the  cell  as  a  clear,  glisten- 
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iog  drop.  The  cytoplasm  and  nudeus  are  crowded 
to  the  opposite  end.  In  serous  cells  the  nucleus  is 
more  centrally  placed,  and  the  serous  secretion  is 
stored  up  as  minute  granules  distributed  through- 
out the  cytoplasm,  more  especially  in  that  por- 
tion   of  the   cell  lining    the    free   surface.      Some 


Hg-  »S  —  Simple  tubular  gland  from  stomach 

glands  are  mucous,  some  are  serous,  and  some  are 
mixed. 

Mucous  Membrane. — A  mucous  membrane  con- 
sists of  a  lining  of  epithelial  cells,  basement  mem- 
brane, and  membrane  propria.  The  basement  mem- 
brane is  largely  an  elastic  cellular  secretion  on  which 
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the  epithelial  cells  rest,  although  at  times  flattened 
connective-tissue  cells  seem  to  enter  into  its  forma- 
tion. The  mcmbrana  propria  is  a  connective-tissue 
production  consisting  of  connective-tissue  cells, 
fibers,  and  blood-  and  lymph- vessels.     Mucous  mem- 
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DemUuM  of  Heidcnhain. 

Fig.  26. —  Cells  from  differont  plands  :    «,  Pancreas;    ft,  submaxillary 

gland;  c,  liver. 


branes  line  cavities  or  tubes  that  communicate  with 
the  surface  of  the  body,  such  as  the  alimentarj^  canal, 
respiratory  tract,  and  urogenital  system. 

Serous  Membrane. — A  serous 
membrane  has  the  same  histo- 
logical elements  as  the  mucous 
membrane.  The  epithelial  lining 
is  simple  scjuamous,  and  these 
cells  secrete  a  serous  fluid,  more 
viscid  and  more  of  a  lubricant 
t  hail  mucus.  Serous  membranes 
enclose  cavities  that  do  not  com- 
municate with  the  surface  of  the 
body,  as  the  ])l<nr;il,  jxric.irdial,  and  iK-ritoneal 
cavities  and  cavitie,  of  joints,  forming  in  the  latter 
case  synovial  meinbnine,.  Sheaths  or  bursx*  of 
tendons  have  serou .  inembranes. 


C '» //  ready  to 
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As  to  form,  epithelial  glands  are  classified  as — 
I.  Simple. 

(a)  Simple  tubular — gastric  glands,  sweat 
glands,  and  uterine  glands. 


Comf>ouad    a/veolar  ^imfila  aloeoleur^ 

Fig.  28.— Diagram  of  dlfferenl  forms  of  glands. 

(6)  Simple    alveolar — smallest     sebaceous 
glands!  ^i(^  skin  glands  in  amphib- 
ians. 
2.  Compound. 

(a)   Compound  iulmlar— kidney ,  liver,  testis. 
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(6)  Compound  alveolar  or  racemose — sali- 
vary glands,  mammary  gland,  Itmg, 
pancreas,  sebaceous  glands. 

Glands  not  included  in  this  classification  are  um- 
cellular  glands  and  secreting  membranes,  which  can- 
not be  classified  as  to  form.  Lymph  glands y  which 
are  of  connective-tissue  origin,  and  like  the  testis  or 
ovary,  may  be  called  dehiscent  or  cytogenic  glands. 
Follicular  glands,  such  as  the  thyroid  gland,  and  the 
ductless  glands,  producing  internal  secretions,  such 
as  the  hypophysis  cerebri,  thyroid  gland,  suprarenal 
gland,  areas  of  Langerhans  of  the  pancreas,  inter- 
stitial cells  of  the  testis,  and  corpora  lutea  of  the 
ovary.  The  thymus  gland  and  spleen  are  lymphoid 
organs,  and  therefore  to  be  classified  among  the 
lymphoglandiilce. 

The  object  of  any  anatomical  classification  is  to 
simplify  and  correlate  structural  facts.  From  the 
foregoing  outline  it  is  clear  that  glands,  according  to 
modern  views,  embrace  such  a  complex  of  structures 
that  any  classification,  either  according  to  origin,  or 
form,  or  tissues,  or  even  function,  does  not  accom- 
plish the  end  in  view,  namely,  simplicity.  The  dif- 
ficulty met  with  is  due  to  the  fact  that  our  con- 
ception of  a  gland  rests  largely  with  the  physiolog- 
ical action  of  gland  cells  rather  than  with  any  com- 
mon intrinsic  anatomical  quality. 

Endothelium- -This  term,  introduced  by  His  in 
1865,  is  generally  applied  to  the  layer  of  cells  that 
line  closed  cavities,  such  as  peritoneal  and  pleural 
cavities,  circulatory  system,  and  cavities  of  joints. 


I 

I 
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These  cells  thus  form  the  inner  layer  of  serous  mem- 
branes, and  while  structurally  they  bear  a  close  re- 
semblance to  epithelial  cells,  there  is  nevertheless  an 
intrinsic  difference  made  apparent  by  a  comparison 
of  pathological  growths  from  these  cells  called  aido- 
ihclioma.  and  Hke  growths  from  epithelial  cells  called 
epilhelioma.  Endothelioma  are  usually  slower  of 
growth,  less  malignant  when  malignancy  exists,  and 
have  a  tendency  to  form  mucoid  deposits.  Endothe- 
lial cells  are  mononucleated, 
scaly,  or  of  the  pavement 
variety  with  wavy  borders, 
and  are  held  together  with  a 
cement  substance  that  re- 
quires special  staining  tech- 
nique to  demonstrate,  They 
impart  a  transparent,  smooth, 
glistening  surface  to  the  mem- 
brane which  they  clothe. 

Peritoneimi  and  Pleura, — 
These  are  true  serous  mem- 
branes, the  structure  of  which 
is  described  on  page  60.  Elas- 
tic fibers  are  particularly  abundant  in  the  membrana 
propria,  giving  strength  to  both  peritoneum  and 
pleura,  so  that  these  membranes  are  readily  sewed 
in  surgical  cases.  Physiologically  these  membranes 
are  of  the  greatest  importance : 

I.  It  is  claimed  that  the  simple  pavement  epithe- 
lial cells  of  the  peritoneum  can  produce  a  secre- 
tion that  clots,  and  in  this  manner  adhesions  are 


Fiy.  jg.^Kpilhelium  or 
eiidolheiiiim  from  inesciitery. 
Silver  nitrate  stain. 
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quickly  formed.  This  is  of  the  greatest  importance 
in  preventing  the  spreading  of  an  infection,  as  in 
peritonitis. 

2.  These  cells  act  as  phagocytes  and  feed  upon 
bacteria  in  case  of  an  infection.  According  to  one 
view  they  can  destroy  living  bacteria.  A  second 
theory  is  that  they  act  as  scavengers  and  remove 
only  dead  bacteria. 

Stomata  and  stigmata  have  been  frequently  de- 
scribed as  minute  openings  in  these  membranes  to 
facilitate  the  absorption  of  fluids.  Stomata  are 
said  to  have  guard  cells  to  regulate  the  size  of  the 
opening,  and  were  supposed  to  be  specially  abundant 
in  tlie  peritoneal  lining  of  the  diaphragm.  The  exist- 
ence of  stomata  has  lately  been  strenuously  denied, 
The  rapid  absorption  of  peritoneal  fluid  is  a  well- 
established  fact.  If  stomata  are  absent  the  ab- 
sorption is  ])urely  one  of  osmosis  or  dialysis.  It 
should  be  remembered  that  drainage  is  along 
lymphatic  channels  and  therefore  from  the  pelvis 
toward  the  thorax. 

n.  SUPPORTING  TISSUE. 
The  embryonic  (connective  tissue  is  largely  cellular, 
but  in  the  adult  body  the  intercellular  substance 
j^reatly  predominates  and  j^Mves  the  characteristics 
on  which  a  classification  is  based.  The  cell  elements 
are  but  sli.i^litly  modified  from  the  embryonic  type, 
biU  the  cell  products  or  intercellular  substance  be- 
come mo(lifie<l  to  form  bone,  cartilage,  or  (vmnective- 
tissue  fibers.     The  dilTerence  here  is  relatively  a  dif- 
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ference  in  the  degree  of  condensation  of  the  inter- 
cellular substance,  being  either  loosely  arranged  as 
in  reticular  connective  tissue,  or  more  compact  as  in 
tendons,  or  a  greater  degree  of  condensation  as  in 
cartilage,  bone,  and  dentine.  In  all  these  types  the 
cellular  elements  are  morphologically  very  similar, 
which  makes  it  possible  for  one  form  to  develop  into 
that  of  another;  for  instance,  bone  is  produced  from 
cartilage,  or  from  fibrous  connective  tissues. 

The  function  of  supporting  tissue  is  largely  a  pas- 
sive one  depending  on  its  physical  properties,  and  the 
amotmt  of  nourishment  the  cellular  elements  re- 
ceive is  therefore  a  very  variable  quantity.  Ten- 
dons, particularly,  have  a  limited  supply,  perhaps 
because  the  cells  form  so  small  a  part  of  these  struc- 
tures. Nutrition  is  supplied  from  the  lymph  which 
penetrates  the  ground  substance  through  clefts  or 
minute  channels  placed  in  the  intercellular  material 
of  the  more  condensed  forms.  In  bone  fine  canals 
develop  and  anastomose  to  form  a  canalicular  sys- 
tem, while  in  other  forms,  as  mucous  connective  tis- 
sue and  hyaline  cartilage,  the  nourishing  lymph 
seems  to  pass  through  the  ground  substance  regard- 
less of  lymph  channels,  as  in  these  cases  the  latter 
have  not  been  found. 

Blood  vessels  and  capillaries  ramify  more  or  less 
freely  through  the  matrix  of  supporting  tissue,  ex- 
cept in  case  of  cartilage,  where  they  are  practically 
absent.  Unlike  epithelia,  nerves  may  be  abundant, 
but  in  no  case  do  nerve  fibers  unite  with  the  cellu- 
lar elements;  however,  special  sensory  nerve  endings 
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are  frequently  found,  particularly  in  the  connective- 
tissue  elements. 

Fat  in  the  human  body  is  mostly  found  stored 
up  in  modified  connective-tissue  cells.  This  may 
occur  wherever  there  is  connective  tissue,  and  fat 
cells  must  therefore  be  regarded  as  modified  connec- 
tive-tissue cells.  Likewise  certain  pigment  cells 
and  red  blood  corpuscles  belong  to  this  class. 

The  supporting  tissue  is  derived  exclusively  from 
the  mesenchyma,  a  subdivision  of  the  middle  germ 
layer  or  mesoderm.     It  is  divided  into  three  classes — 

.  ^         connective  tissue^   carti- 


lage,  and  hone. 


I'ig.  30. — (\)nncrtivc-li>>uc  tills  from  I-ij;.     ^i.-Coniu'ctive-lI^sur 

a  chick  embryo.  cells  from   Wharton's  jelly  of 

the  umbilical  cord. 


1.    Connective  Tissue. 

The  elements  of  this  tissue  consist  of  cells  and  cell 
products,  in  the  form  of  connective-tissue  fibers, 
which  penetrate  and  j^ive  consistency  and  sup])ort  to 
every  orran  in  the  bod  v. 

I .  Connective-tissue  Cells. 

(a)  Rmhryonic  C onnccirce-iissue  Cells, — These  are 
irregular,  stellate  cells  found  in  embryos  and  in  the 
umbilical  cord.  Those  of  the  cord,  with  the  matrix  in 
which  they  are  imbedded,  form  a  soft,  pulpy  mass 
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known  as  Wharton's  jelly,  or  mucous  tissue.  These 
cells  are  loosely  associated  in  no  definite  order,  their 
stellate  processes  interlace  and  sometimes  appear 
to  come  in  direct  contact.  Their  nuclei  are  round, 
or  oval,  or  elongated,  forming  what  is  known  as  the 
spindle-shaped  and  pointed  nucleus,  often  resem- 
bling the  cigar-shaped  and  rounded  nucleus  of  a  plain 
muscle  cell.  The  nuclei  are  rich  in  chromatin,  and 
therefore  stain  heavily  with  hematoxyHn.  Blood- 
and  lymph- vessels  mingle  freely  with  these  cells;  in 


fact,  this  association  is  constant.  The  so-called 
granulation  tissue  in  healing  wounds  consists  of  em- 
bryonic connective- tissue  cells,  always  bleeds  easily, 
because  of  its  vascularity,  and  painless  because  of 
absence  of  nerve  endings. 

(6)  Pigment  Cells. — These  are  connective-tissue 
cells  in  which  pigment  is  stored  in  the  cytoplasm, 
'  never  in  the  nucleus.  The  cells  are  extensively 
branched,  large  and  flat.  In  amphibians  and  rep- 
tiles they  arc  abundant  in  the  dermis  of  the  skin,  and 
enable  the  animal  to  change  its  color,  as  is  the  case 
with  the  tree  toad  and  the  chameleon.     In  the  human 
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body  connective-tissue  pigment  cells  are  limited  to 
the  choroid  coat  and  iris  of  the  eye,  to  birth-moles, 
and  to  the  piamater  of  the  brain.  The  pigment 
may  be  of  any  color,  the  constituent  being  melanin, 
a  coloring  material  probably  derived  from  the  blood. 

(c)  Fat  Cells. — These  are 
connective-tissue  cells  with 
a  large  storage  of  fat.  The 
fat  occupies  the  center  of 
the  cell  as  a  big  drop  which 
crowds  the  cytoplasm  and 
nucleus  to  one  side,  closely 
pressed  against  the  cell 
wall,  which  is  unusually 
conspicuous.  The  cells 
Since  fat  is  dissolved  by 
alcohol,  these  cells  in  sections  are  distorted,  polyhe- 
dral, and  appear  more  like  irregular  spaces  than  any- 
thing else.  Normal  fat  is 
not  to  be  confounded  with 
pathological  fat  found  in 
fatty  degeneration  of 
organs.  In  the  latter  case 
the  fat  appears  as  little 
droplets  diffused  through 
the  cytoplasm  of  the  dis- 
eased cells,  and  is  pro- 
duced at  the  expense  of  protoplasm,  a  destructive 
process  or  katabolism.  Normal  fat  is  a  constructive 
I)r(KTss  or  analxjlism,  and  is  therefore  a  storage  of  food 
or  potential  energy.  Its  production,  physiologically, 
is  not  clearly  understood.     It  may  be  produced  from 


^'g-  33' — Pigment  cells  from 
the  choroid  coat  of  the  eye. 
These  cells  arc  of  connective- 
tissue  origin. 


are  large  and  spherical. 


Cytoplasm. 


Nucleus. 
Fig.  34. — Normal  fat  cell. 


TISSUES. 


69 


a  proteid  diet,  but  its  production  is  more  easily 
prompted  by  a  fatty  diet  and  the  carbohydrates. 
Cold  prompts  its  production,  as  is  clearly  manifest 
in  hibernating  animals  when  the  cold  season  ap- 
proaches, and  the  increased  weight  of  animals,  as  a 
rule,  during  the  winter  season. 

Connective-tissue  cell. 


Nucleus  of  jot  cell. 

F*8-  35- — ^^t  cells  as  they  appear  in  sections  treated  with  alcohol. 

Alcohol  dissolves  the  fat. 

The  usual  stain  for  fat  is  osmic  acid,  in  which  fat 
acts  as  a  reducing  agent,  precipitating  black  osmium. 
Any  reducing  agent  will  do  this,  as  is  made  evident 
by  the  black  color  of  the  cork  in  a  bottle  containing 
osmic  acid  solution,  fat  being  absent  from  cork. 

Other  connective-tissue  cells,  as  Plasma  cells ,  Wan- 
dering cells,  and  Mast  cells,  are  frequently  described. 
These  resemble  normal  constituents  of  blood  and 
lymph  to  which  they  may  belong. 

2.  Connective-tissue  Products.  —  These  products 
may  be  a  jelly-like  substance  or  fibers.  Connective- 
tissue  cells  are  always  associated  with  these  products. 
There  are  two  theories  as  to  the  production  of  fibers. 

(a)  The  fibers  may  be  processes  of  the  cytoplasm 
that  lose  their  cell  connection. 


7" 
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{h}  Tlic  connective-tissue  cells  may  secrete  a 
li"itt(W"L'ous  matrix,  which  later  becomes  striated, 
|ittNliichiK  fibers  in  a  manner  as  iibrin  is  formed  in 
I'lttllhtK  blood. 

Connectii/e  tissue  is   clas^fied 
according  to  its  matrix  into; 

I.  Mucims  Connective  Tissue. 
— This  consists  largely  of  embry- 
onic connective-tissue  cells  and 
a  jelly-like  matrix  or  ground  sub- 
stance which  gives  a.  reaction  for 
mucus.     It  is  found  in  the  lun- 
bilical  cord,  where  it  is  known  as 
Wharton's  jelly,  and  in  embry- 
onic tissue. 
J.   While  Fibrous  Connective  Tissue. — This  consists 
).((K»'lv  nf  white  nonelastic  fibers.     The  fibers  are 
|iiiiiilli-l  to  i-ach  other,  not  branched,  and  yield  gela- 


stciion  of  icniion. 


Mil  oil  liiiiliiiK  Till- JilHTsswfll  up  when  treated  with 
.min  .iriil  'llii-v  art-  fniiiid  in  tendons,  the  apo- 
niiiiii.->i:,,  iiinl  liKiiiiuiilrt,  the  fast-iii  of  muscles,  the 
diiui  iiKilLi  ,  iiiiil  ilu'  liliiiiiiM'iipsnlesof  many  orjrans. 
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3.  Yellow  Fibrous  Connective  Tissue. — The  matrbc 
in  this  consists  of  elastic  fibers  that  are  branched, 
and  usually  coarser  than 
the  white  nonelastic  fibers. 
They  do  not  swell  up  when 
treated  with  acetic  acid 
and  yield  elastin  on  boil- 
ing. Like  the  preceding, 
the  fibers  are  frequently 
grouped  into  bundles  with 
a  limited  supply  of  blood- 
vessels and  connective - 
tissue  cells.      This   tissue 

is  found  wherever  elasticity  is  required,  as  in  the 
ligamentum  nuchte  and  subflava,  in   the  walls  of 


Fig.  40, — II,  YkIIow  clastic  fiber?  from  ihc  leased  ligamcnlum  nui  h* 
f  of  the  ox;  h,  Cross-seclion  of  a  portion  of  fhe  ligamentum  nuthiP  of  (he 
The  elaslir  fibers  arc  grouped  in  bundles  vxXti  a.  fi'W  inlcrvening 
e  cells. 


,  arteries,  and  in  the  menibrana  propria  of  the  peri- 
toneum and  pleura. 

..  Reticular  Connective  Tissue. — This  is  a  retieu- 
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lum  of  interlacing  fibrils  and  is  found  in  adenoid 
tissue,  lymph  nodes,  spleen,  and  membrana  propria 
of  mucous  membranes.  Also,  to  a  limited  extent,  in 
bone  marrow. 

5.  Areolar  Connective  Tissue. — This  is  really  a  mix- 
ture of  interlacing  bundles  of  white  and  yellow 
elastic  fibers.  It  is  found  subcutancously  to  the 
skin,  to  which  it  imparts  elasticity.  Areolar  tissue 
is  vascular  and  favors,  therefore,  a  rapid  spread  of 
bacteria.  Over  bony  prominences  there  is  a  limited 
supply  of  areolar  tissue  and  the  skin  at  these  places 
has  restricted  mobility.  It 
is  at  these  points  that  the 
spread  of  an  infection,  such 
as  erysipelas,  is  checked. 

General  Considerations. 
—On  account  of  the  embry- 
onic condition  of  connec- 
tive-tissue cells  these,  like 
epithelial  cells,  are  fre- 
quently mot  with  in  patho- 
loKical  tumors.  If  the  tumor  is  malignant  it  is 
called  a  sarcoma,  and  is  as  fatal  to  life  as  carcinoma, 
or  cancer.  If  the  tumor  is  made  up  largely  of  fat 
cells,  it  is  called  a  lipoma,  and  if  the  fibrous  elements 
predominate  it  is  a  fibroma. 

The  pniduction  of  connective  tissue  is  often 
nature's  method  of  checking  the  spread  of  a  disease. 
This  tissue  is  produced  as  a  wall  in  advance  of  a 
spreading  infection,  an<l  if  the  bacteria  are  unable  to 
iwnelrate  this  barrier,  the  disease  soon  Ix'comes  self- 
Hniiting.     Tliis  accounts  for  the  swollen  infected 
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parts,  and  also  for  the  redness,  which  is  due  to  the 
extensive  blood  supply  which  is  always  associated 
with  this  tissue.  Such  a  swollen  tumor  represents 
an  induration  and  a  congestion.  In  this  manner  a 
whole  or  a  part  of  an  organ  may  be  afifected.  The 
connective-tissue  fibers  are  absorbed  with  difficulty 
or  not  at  all,  and  a  permanent  mark  or  scar  remains 
as  an  evidence  of  the  injury.  In  a  healing  wound, 
particularly  if  infected,  these  fibers  are  abundantly 
produced,  and  its  redness  is  evidence  of  its  extensive 
vascularity  or  blood  supply.  Later,  these  fibers  con- 
tract, which  occludes  the  blood,  and  then  the  color 
changes  from  a  red  to  a  white  scar  that  no  medical 
treatment  can  remove. 

Pigmentation  is  a  most  important  subject.  Pig- 
ment appears,  as  a  rule,  in  the  cytoplasm  of  cells, 
seldom  between  the  cells.  It  is  not  confined  to  con- 
nective-tissue cells,  but  is  common  to  epithelial  cells, 
as  the  deep  layer  of  the  epidermis  giving  the  color  of 
races;  is  found  in  the  retina  cells,  where  it  is  always 
black,  and  in  hair  and  nails.  It  appears  in  the  cyto- 
plasm of  muscle  cells,  particularly  in  old  heart 
muscle,where  it  is  found  near  the  ends  of  the  nuclei, 
and  is  nearly  always  present  in  nerve  cells,  giving  a 
gray  color  to  this  tissue.  Pigmentation  is  an  ac- 
companiment of  many  diseases,  particularly  skin 
diseases.  It  is  also  produced  under  the  influence  of 
light,  as  freckles,  that  can  only  be  removed  by  the 
normal  exfoliation  of  the  epithelium. 

The  production  of  pigment  seems  to  depend  upon 
the  blood.  As  blood  is  absent  from  epithelium  there 
are  two  theories  as  to  the  maimer  in  which  the  cells 
obtain  it :  (a)  they  may  receive  it  directly  from  the 
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'.K...  I  ..i  »'  vvuiiuvuvc  tissue  cells  may  elaborate 
.»  ».>  I  iv!»\vi  a  >\\\viularily  to  the  epithelial  cells. 
t  It  »i  . :»»  i.iy.iiivui  i^  not  intrinsic  to  epithelial  cells  is 
,  ,  I  S\  lUv  i;ui  llui  i\)lore(l  skin  grafted  on  a 
..  »..*.  ..I  III  vs»n  uuns  white,  anil  white  skin  grafted 
..  I  ...iwuvl  [kv4'ii»n  turns  black.  The  fruitless  at- 
.    ..»!.»    ii'  I  ii.in>;v  vine's  a>lor  arc  well  known. 

\    •      M  .  '.,v    uiUy^mii  is  a  pigmented  connective- 

..    .1    «iuni»i.  wn  mali.v;nant.  whose  cells  disseminate 

.  .  I  qnill\  iliiv»u>;hi>ut  the  Uxly,  producing  every- 

I.  .      Ml  \^    Illinois.     Thcso  Ci*lls  have   their  origin 

iiuil  |»u;uu'nlcil  CiMUUVtive-tissue  cells,  and 

I.  .    i»M,    Ki     iiiipoird  to  come  from  birth-marks,  or 
I.      I.   .    ivl  »»i  ilii  \\K\  i»r  i\\v  piamater  of  the  brain. 

I .1...  \    til    .lu  h  UmuMs  is  unknown.     Fortu- 

I ,  lit   I    III  i<ii  t 

II,     I.I      (..   Iiv    n  imuilu'icd  in  regard  to  con- 

..     ..        Ill      I      I  tir  rasily  stained  round,  or 

I  I  1,1  111     l»nml  mulriis.     2.  The  cells  are 

»,    .1,.    ,,ii  i..,*,^ilui.   uiit   in  compact  layers  or 

t  ii      i«  II. ut  \k\\^^  although  the  processes 

.11  pitUHU'   ami   not  readily  detected. 

<    y .^Mulu  whiMV  cells  are  abundant. 

A  \sy\   ui  isi- mdings  as  among  epi- 

\  Ui  \  *l\i  uol    irnrtc  as  do  the  epi- 

..,  ..  ..uu.    U    nr  ill  which  the  inter- 

,.,.   IvMuiiMh  .  and  y'wUU  chondrin 

...     .  sx\Ai.s    \s  II.  iiH"  typical  con- 

,..  I  .itnifs    U  iilirnlar  spaces  in 

V  uhlaiM-  ir;  surrounded 

..y,   VI    \\y  uuiuhiaiic  called  the 


I 

\   II    > ii 
I  ■     It 
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[  perichondrium,  in  which  smaller  blood-vessels  ramify. 
'  Blood-  and  lymph-vessels  are  absent  from  the  carti- 
[  lage  matrix,  except  rarely  and  in  places  where  active 
growth  or  ossification  is  Roing  on  they  niav  be  present. 
I  According  to  tht  structm-e  of  the  matrix  cartilage  is 
'  classified  as  — 


Ugi,  (ri  m  thp  trachea. 


I.  Hyaline  Cartilage. — -This  is  the  simplest  and 
most  common  fonn  of  cartilage.     The  matrix  appears 


in  the  cartilage  n 

to  be  a  homogeneous  substance,  although  many  fine 
interlacing  fibrils  are  present.     The  lacuna  near  the  ^ 
perichondritiin  have  their  long  axis  parallel  to  tbj 


lage.- 
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surface,  while  deeper  in  the  matrix  the  long  axis  is 
often  at  right  angles  to  the  surface.     Each  lacuna 
contains  one  or  more  cartilage  cells.     The  cartilage 
surrounding     lacuna 
-<-i.  ,it-5>-~-  -^^  usually  stains  differ- 

'"'■"'  ""■  ently  from  the  bal- 
ance of  the  matrix. 

rutWffj.  . 

This  cartilage  oc- 
curs as  articular  carti- 
lage of  joints,  at  the 
end  of  ribs,  and  in  the 
nose,  the  larynx,  the 
44— Section  of  elastic  cartilage  tfachea.and  bronchi, 
(ram  cpigioiiu  2    Elastic   Carti- 

-Elastic  cartilage  differs  from  the  hyaline  vari- 
ety in  having  typical  interlacing,  branched  elastic 
fibers  that  form  a  dense  network.    This  cartilage  is 
found  wherever  elas- 
ticity is  required,  as  in 
the  external  ear,  the 
Eustachian  tube,  epi- 
glottis,  part  of  ary- 
tenoid cartilages,  and 
cartilages  of  Wrisberg 
and  Santorini. 

3.  White  Fibrous 
Cartilage.— In  this  va- 
riety the  while  fibers 

predominate.  As  a  rule  these  fillers  run  parallel  in 
bundles  and  do  not  branch.  A  granular  matrix 
intervenes  between  the  fibers.  Fibrous  cartilage 
is  fount!  in  the  intervertebral   disc,   in  the    sym- 
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ph)rsis  pubis,  and  in  the  insertion  of  the  round 
ligament. 

General  Considerations. — Cartilage  tumors  are 
known  as  chondroma,  and  are  common.  Like 
cartilage  they  are  of  slow  growth  and  therefore 
harmless.  The  absence  of  blood  accounts,  in  large 
part  for  the  inactivity  of  the  cartilage  cells,  both  in 
the  normal  and  pathological  condition.  Further- 
more, cartilage  cells  are  enclosed  in  the  matrix  in  a 
manner  that  inhibit  their  multipHcation.  Cartilage 
therefore  grows  by  apposition  or  acquisition,  not  by 
intussusception,  like  most  tissues. 

Cartilage  slowly  ossifies  with  age.  During  this 
process  loops  of  blood-vessels  enter  the  matrix  from 
the  perichondrium,  and  Ume  salts  arc  deposited  ad- 
jacent to  the  cartilage  cells.  This  process  will  bo 
fiuther  described  under  bone  development. 

The  identification  of  cartilage  is  very  easy,  as  the 
matrix  has  a  marked  affinity  for  many  stains. 

3.  Bone. 
Bone  is  the  chief  supporting  tissue  of  the  Ixxly, 
and  consists  of  a  calcified  intercellular  substance, 
mostly  calcium  phosphate,  and  connective-tissue 
cells,  or  bone  cells.  Organic  substance  constitutes 
one-third  the  weight,  and  inorganic  substance  two- 
thirds  the  weight  of  bone.  The  bone  cells,  some- 
times called  bone  corpuscles,  arc  flattened  stellate 
cells  with  many  slender  processes,  and  a  well  defined 
round  or  oval  nucleus.  Like  cartila;^c  cells  they  lie 
imbedded  in  lenticular  spaces  called  lacuncc.  These 
lacunae,  however,  communicate  with  adjacent  la- 
ctmse  by  means  of  numerous  capillary  tubes  called 
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canalicvJi,  into  which  extend  the  slender  cell  proc- 
esses.     Through   these  canaliculi   the    imprisoned 
cells  receive  their  nourishment  and  give  up  their 
waste  products. 
HaveiBian  System.— This  consists  of  a  Haversian 


F)g-  46.— Havcisian  system  with  only  one  lacuna  sketched. 

('(inal,  containing  an  artery,  vein,  and  nerve,  bone 
liiiiiallfr  concentrically  arranged  around  the  canal,  and 
Irtmi  two  to  six  rows  of  concentrically  arranged  cells 
wil  li  t  heir  lacuna;  and  canaliculi.  The  canals  average 
0.05  mm.  (^fl-  inch)  in  diameter. 
.  /  j^  The  canals,  as  a  rule,  run  parallel 
VJL^  r[  with  the  shaft  of  the  bone,  but  com- 

•V  OKw  V  _  inunicate  freely  with  each  other. 
The  blood  penetrates  as  far  as  the 
Haversian  canals  but  the  lymph 
roaches  each  bone  cell  through  the 
finer  canaliculi.  The  nerve  termi- 
nalcs  in  the  wall  of  the  blood-vcs- 
I)  cnnnt'olion  with  the  bone  cells. 
11  sy*!  'Ills  fK'cupy  a  central  zone  in  a  bony 
hliiifl.  (';xtiTiiuI  iiiid  internal  to  this  zone  compact 
liiniella-  iitv  i»ro.sfnt,  arningcd  parallel  to  the  surface. 


.M„.W 


hii- 


lliivirsiiii 


'•,o /.'-•; 
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In  the  circumferential  lamellx  canals,  called  Volk- 
mann's  canals,  convey  blood-vessels  to  the  Haver- 
sian canals.  In,  the  angular  interstices,  between  the 
Haversian  systems,  lamellae  and  canalicult  are  found 
arranged  like  those  of  the  circumferential  lamella. 
The  shafts  of  long  bones  contain  a  marrow  cavity. 
At  the  ends  the  marrow  cavity  disappears,  and  the 
bony  structure  becomes  spongy  with  many  inter- 
stices and  is  then  called  cancellate  bone.  The  middle 
of  flat  bones  is  made  up  of  a  like  loose  structure 
called  diploe. 


,  <'^y' 


Periosteum, — The  periosteum  is  a  dense,  fibrous, 
connt'ctive-tissue  membrane  that  covers  the  bone 
iiiid  is  derived  from  the  perichondrium  of  the  carti- 
I;i;(f,  It  is  composed  of  two  layers,  {a)  an  inner 
Uiyer  that  contains  many  elastic  fibers  and  ostco- 
hl;ists,  or  bone-forming  cells,  known  as  the  osieo- 
i/eiiclic  layer,  and  (/>)  an  outer  layer  of  coarse, 
white,  fibrous  liundlcs  where  numerous  blood-vessels 
ramify  and  send  branches  to  the  Haversian  canals. 


The  periostetrr  i=  ircijirri  *:  -Ji-t  izzi'z-.ijr.  i«:n-±  17 

means  of  burifks   :c  ±'".»rr=    J"m---:     .    ->-;     1211: 

systems, 

Blood    Supplf. — TZfr     ir.^H'Z'L.'.Z 


•        •— 


with  blood  frocz  t2j=  ptirji-r.furz  l.irr-=r  iL:i:o- 
vessels,    caDei    r-f^-.-^i:.':    ti.  >        '-iltS     iirt-ctlv 

"  ^  ■  V  • 

through  the  bccv  slLifi  ^nl  ='-:;^:-  "  — -=  =i.irr:-^. 
In  remo\'ing  bcoe.  3.5  2.  r_'i  il^  ;ir.:---i:ui::  i:  r:: 
taken  away,  an-1  hers.-«f*=  ::  •"'1  l:i*-*:^r  r  v:L^r:'^r:ty 
and  osteoeenetic  I^ytr.  ih'=  rtn:  vf  1  c  :Lr:  re^tntrit-rs. 
On  the 


bone  mav  be  rerz-cvei  :r-.:r.  th-=  ir.r.-rr  -^i:^  un::!  :i 
mere  shell  rerr^.:^-  c:  :.vr  .ni'^  =.'..:-  «r_:i::.  i:  i.. 
the  infection  15  renicv'^I  i  r-j.-rr-rri*:  r.  ::" :-  -^. 

Development  of  Bone. — Tl.-r  :-;-:'.. i:r.-:r.:  -f  L-me 
is  either  inirzfK^iJKzr-r.u:  r  -:  .:  .'V.  ».:^i.'.  In  tLr 
latter  a  cartilage  ^lij-r  :r.:-:r.-;r.-:-.  •::":. -rr-.^isc:  t::r 
histor\'  in  each  c^^z  i^  ::.^  -in-.-r.  .'.  b'rz:ozj6:s  li" 
endochondral  developm^r.*  i:  i-.  f/.I'^v.-:: 

1.  A  solid  =r-ift  of  hyilir.-:  r'^n/.j.jr,  r.  n-'.^scular 
and  without  any  n:arro.v  civ::y. 

2.  In  the  cen:or  of  :':.:«  r!.-::  :::c  c^rtil^^c  cells 
enlarge,  their  licuriii:  tr.Lirj-  d.::-l  cojilv-^.e.  particu- 
larly along  iines  c-xtfrniir.j  tov.  ir'I  ?:.t:  irri<is  of  tV.c 
bone.  The  rrx-tte  \jr'r\-AffA  hv  ti.i  fvcavation  i-. 
called  the  primiry  'ir^^-.l ;    /    Jmtfji  >'. 

3.  Lime  ii:aii-  an:  ^I*:;'/  :ti'l  in  ili«-  iliin  ualls  of 
these  spaces,  mar.'in;-;  ^.il'ifi*'!  <  ;iMil:i;'/-. 

4.  Osteo^^enelic  ^^11.  .ui'l  liloni!  vr  ..rl -,  from  the 
periosteum  rntr-r  th*-  c;,MiI:ii/«  -.iiiK*-..  Tlic  carti- 
lage cells  diifippfiur  y;ifli  tin.  invaJoii  aii^l  the  ex- 
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cavation,  begun  by  the  cartilage  cells,  is  further  en- 
larged by  the  bone  cells.  The  excavated  areas  are 
now  called  the  secondary  areoIcB  of  Sharpey,  the 
cavities  having  a  rich  blood  supply  quite  in  con- 
trast with  the  primary  areolae.     The  marrow  cavity 


Fig.  50. — Ijingituilinal  spdion  Ihmugh  a  lonp  bnrtc  fphalann) 
(it  a  liiiiird  omIjrjiK  The  primary  burn:  lamtlla  originalinf;  from  the 
jHTi'Fslruni  is  brokin  tlimuKb  by  ihc  [.iTiisliiil  buii.  Omn.'Cled  with 
Ihi-  bud  is  a  piri.JsU'al  bloinl-vcsstl  conlaining  retl  blund-carpuscles 
(U,.hmandDavi<ioff). 

is  excavated  and  the  shaft  becomes  longitudinally 
porous.  Endochondral  bone,  therefore,  develops  in 
cartilage,  not  jrom  cartilage. 

5.  Ostcogfuetic  cells  attach  themselves  to  the  wall 
of  these  enlarged  Haversian  canals  and  become  en- 
closed in  lime  deposits,  forming  thus  the  outer  lam- 
ellae and  outer  row  of  bone  cells  of  each  Haversian 
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system.     Cells  with  lamellje  are  added  centripetally     ^^| 

to  this  outer  row  and  thus  ultimately  complete  the     ^^| 

Haversian  system,  leaving  a 
small  central  canal  contain- 
ing vessels  and  a  nerve. 

__^____^^  ^M 

Ossification    begins   in  the 

center  of  the  cartilage  shaft 

and     proceeds     gradually 

toward  each  end,  so  that  all 

the  above  changes  occur  at 

KS^^^^V 

one     and     the     same     time. 

jFjM'^wT^^g"  J 

After  birth  these  changes  go 

on  at  the  ends  of  the  bone, 
so  long  as  it  keeps  growing. 

|toW^ 

During  this  period  the  bone 

is  made  thicker  by  deposits 

from  the  periosteum  forming 

i^^W 

the  circumferential  lamella?  of 

bony  shafts.     These  lamellae 

are  added  without  the  inter- 

^L     vention  of  a  cartilage  stage 

^M     and  therefore  represent  intra- 

^K     membranous  development. 

'i|^^^^ 

^M        Regeneration    of    Bone. — 

^P     The    embryonic    process    of 

^^      developing  bone    is  repeated 

every    time    a    broken    bone 

heals.     As  a  rule  the  carti- 

^1      lage  stage  does  not  intervene. 

HHUaH^ 3         ^_ 

^1     A    synopsis    of    the    healing 

Fg    SI  — ^ngituilinal       ^^^| 

^m    process  of  a  simple  fracture 

.:»ilu3tnn      fmin      lung       ^^M 
lone   of  human   embryo          ^^ 

^M    is  as  follows: 

Huber).                                          ^M 
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1.  Hemorrhage  and  clot.  The  fibrin  of  the  clot 
tends  to  hold  the  broken  ends  in  apposition.  The 
parts  are  swollen  and  red,  due  to  the  influx  of  blood. 

2.  Organization  of  the  clot.  Connective-tissue 
cells  and  white  corpuscles  enter  the  clot,  feed  upon 
it  and  ultimately  replace  it,  the  connective-tissue 
cells  meanwhile  producing  fibers.  The  organized 
clot  is  a  more  substantial  fabric  and  more  firmly 
holds  the  broken  ends  in  apposition. 

3.  Osteogenetic  cells  enter  the  organized  clot  and 
deposit  lime  salts,  producing  a  primary  callus.  The  '  " 
connective  fibers  shrink,  pulling  the  broken  ends 
firmly  together,  producing  a  sensation  known  as 
knitting  of  bone.  The  primary  callus  surrounds  the 
bone,  and  may  even  fill  the  marrow  cavity. 

4.  Haversian  systems  are  formed,  uniting  the 
broken  ends.  These  systems  appear  just  as  de- 
scribed under  development  of  bone. 

s.  rrimary  callus  is  absorbed  and  marrow  cavity 
rxouvatod.  Rone  cells  called  osteoclasts  are  sup- 
posed to  be  active  factors  in  this  absorption. 

Q^neral  Considerations. — Bone  does  not  grow  in 

the  sjuuc  sriiso  as  other  tissues  do.     Any  increase  in 

<»e  i^  \\w  to  upposition  of  bone  lamellae  upon  those 

it»\M\tv    fointrtl.     Accompanying    and    often    pre- 

x^  J»»K  l^^***"  pioihiction  we  usually  find  a  destructive 

^M  ^ AN^kN  ittUk*  pUHTSS.     It  is  believed  two  classes  of 

s\\\  N^n.ii  <\W\\\  these  changes:  {a)  Osteoclasts  that 

.M»  .   Kmio  .ilvM^iption,  ami  (M  osteoblasts  that  en- 

♦  V   ^n  i^^ii.   |»uKluetlon.     The  latter  are  supposed 

•».    }»*»»* »v*»li4il.\    abundant   in   the  osteogenetic 
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Bone  tumors  are  not  uncommon  and  are  called 
osteoma.  They  are  of  slow  growth,  usually  as- 
sociated with  bone,  and  harmless. 

On  account  of  the  great  vascularity,  a  broken  bone 
heals  more  rapidly  than  a  broken  tendon,  or  liga- 
ment, or  a  broken  cartilage.  An  old  bone  is  brittle 
and  the  healing  process  a  slow  one  on  account  of  the 
increase  of  earthy  matter  and  a  decrease  of  the 
organic. 

An  infection  beneath  the  periosteum  is  a  felon. 
The  periosteum  is  firmly  attached  to  the  bone  by 
Sharpey's  fibers  and  the  pressure  produced  by  an  in- 
fection beneath  it  gives  rise  to  extreme  pain,  which 
is  instantly  relieved  by  an  incision.  An  inflam- 
mation in  the  bone  is  called  an  ostitis,  while  if  it  is 
located  in  the  marrow  cavity  it  is  called  an  osteo- 
myelitis. 

III.  MUSCULAR  TISSUE. 

Muscular  tissue  consists  of  elongated  cellular  ele- 
ments in  which  contraction  takes  place  along  the 
long  axis  of  the  cell.  This  contraction  is  intrinsic  to 
the  muscle  cytoplasm,  and  of  this  the  sp)ongioplasm 
seems  to  be  the  active  agent.  The  word  sat  code  and 
its  derivatives  is  used  in  describing  muscle  proto- 
plasm. This  word  was  introduced  by  Dujardin,  in 
1835,  and  was  later  replaced  by  the  word  protoplasm. 

I .  Smoothy  Non-striated  or  Involtmtary  Muscle. — 
This  is  the  simplest  form  of  muscle  tissue.  The  cells 
are  mononucleated,  ^elongated,  or  spindle-shaped, 
and  vary  in  length  from  40  to  200  fx.  The  nucleus 
occupies  the  center  of  the  cell,  is  rich  in  chromatin, 
and  oval,  with  blunt  ends,  or  cigar-shaped.    The 
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cytoplasm  is  longitudinally  striated,  the  striations 
being  due  to  fibrils  or  sarcostyles,  which  are,  structur- 
ally, probably  analogous  to  the  spongioplasm. 
Between  the  fibrils  there  is  a  homogeneous  sub- 
stance, the  sarcoplasm,  which  is  analogous  to  the 
hyaloplasm.  These  cells  are  enclosed  in  a  delicate 
cement  layer  usually  not  described  as  a  cell  wall,  and 
in  which  a  fine  interlacing  reticulum  has  recently 
been  described.  The  ends  overlap  each  other  and 
are  held  together  by  a  delicate  cement  substance. 
Nerve-fibers  from  the  sympathetic  nervous  system 
reach  the  muscle  cells  and  terminate  in  small  gran- 
ules upon  the  muscle  cytoplasm. 

Nucleus 


-.  Nucleas 


J\rt9ry 

Txa  -J— J  Cell  from  smooth  must  U-  of  iiitostiiu-;  h,  Cr<><^^  section  of 
^^'  ^         •  smooth  musdc  of  iiiti-stinc. 

Smooth  muscle  is  found  in  the  wall  of  the  tubes  of 
body,  and  invariably  in  thin  layers,  with  one 
jcii— the  wall  of  the  uterus  -wliere  the  niiiscle 
bfc  an  inch  in  thickness.     Usually,   too,   this 
s.-ifc  ^  \aid  down  as  an  internal  circular  layer 
--  i''*s=s3any  applied  and  thinner  longitudinal 
iT-     T^soL  iE3sde  is  found  in  the  wall  of  the  ali- 
^.^    ^^  r^diea  and  bronchi,  bladdiT,  ureter. 
^^  tabes,    urethra,    vas    deferens. 
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blood-vessels,  lymph-vessels,  large  ducts  of  glands, 
nipple,  hair-follicles.  Eustachian  tube,  spleen,  pros- 
tate gland,  ciliary  muscles,  and  iris  of  the  eye. 

2.  Cardiac  Muscle. — The  heart  ontogenetically  is 
a  modified  blood-vessel,  and  its  muscle,  therefore, 
has  the  same  origin  as  smooth  muscle.  Heart- 
muscle  cells  are  oval  or  brick-shaped  and  mono- 
nucleated,  the  oval  nuclei  occupying  the  center  of 


Pig.  53- — Longitudinal  si,  lion  of  heart  muscle  fibtn. 

the  cell.     Longitudinal  fibrils  and,   in  addition,  a 
fine  cross  striation,  are  present  in  the  cytoplasm, 
resembling  the  crossstri- 
ation  of  voluntary  mus-  ■*'""''  '""'""■ 

cle.    This  cross  striation  -"^    V    ,. 

is  explained  under  Vol- 
untary   Muscle,     and      -'Jf  ',  ^  *     '  '^u,lZ'"t 
therefore    will    not    be          ','.';■;  ,".'5.    " 
given   here.     The  cells              '    ;'*■•  -I:.  V 
are  joined  together,  end      ^-^   54.- cross  scnion  ot  heart 
to  end,  by  delicate  ce-                 muscle  fiUrs. 
ment  lines  and  laterally 

may  unite  with  adjacent  cells  by  means  of  protoplas- 
mic processes.  In  the  cytoplasm  adjacent  to  the  ends 
of  the  nuclei,  normally  fat  is  frequently  present  and 
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also  some  pigment.  The  latter  is  more  prominent  in 
old  hearts,  to  which  it  imparts  a  brown  color. 

At  present  the  exact  structure  of  the  heart  muscle 
is  a  disputed  question.  In  sections,  many  breaks 
or  artifacts  resemble  the  cement  lines  separating 
adjacent  cells.  The  longitudinal  fibrils  are  said  to 
penetrate  the  cement  and  thus  establish  a  con- 
tinuity of  protoplasm  between  adjacent  cells.  The 
presence  or  absence  of  a  cell  wall,  analogous  to  the 
sarcolemma  of  voluntary  muscle,  is  also  disputed. 

3.  Voluntary  Muscle. — A  voluntary  muscle  fiber 
is  a  multinucleated,  greatly  elongated  cell,  which 
may  attain  a  length  of  12  cm.  (5  inches).  These 
fibers  are  arranged  parallel  to  each  other  and  grouped 
into  bundles,  called  fasciculi.     Each  fasciculus  is 

Sarcolemma. 


Sarcostyles. 


F>g-  55- — Voluntary  muscle  fiber.     The  sarcoplasm  has  broken,  show- 
ing the  smooth  sarcolemma. 

surrounded  by  connective-tissue  cells  and  fibers  in 
which  many  blood-vessels  ramify.  A  finer  fabric  of 
connective  tissue  penetrates  the  fasciculus  and  gives 
support  to  the  individual  fibers.  The  connective 
tissue  that  enters  a  fasciculus  is  called  the  endo- 
mysium,  and  that  which  surrounds  a  fasciculus  is 
called  the  perimysium.  Fasciculi  are  grouped  into 
coarser  bundles  and  these  collectively  make  up  a 
muscle.  The  muscle  is  in  turn  enveloped  in  a  firm 
connective- tissue  layer  called  the  epimysiuyn.  In 
gross  anatomy  the  latter  constitutes  the  deep  fascia 
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Cohnhf i  m  *  % 
area,  a  hmuilc 
0}  \ortostylc\. 

Snrcopla^m. 


of  muscle.  In  tough  meat  the  connective-tissue 
element  is  extensively  developed  and  the  fasciculi 
are  large  and  coarse. 

Each  muscle  fiber  has  a  delicate,  transparent, 
smooth  cell  wall  called  the  sarcolemma.  The  oval 
distmct  nuclei  lie  immediately  beneath  the  sarco- 
lemma  in  higher  vertebrates,  but  in  lower  forms  and 
in  all  embryos  the  nuclei  lie  deeper  in  the  muscle 
protoplasm.  These  nuclei  have  the  same  structure 
as  the  nuclei  of  any  other  tissue,  but  the  cytoplasm 
shows  a  distinct  and  regular  cross  and  longitudinal 
striation,  characteristic  of  only  one  other  tissue — 
the  cardiac  muscle.  The 
longitudinal  striation  is 
due  to  the  presence  of 
delicate  fibrillae  called 
sarcostyles,  which  is  an- 
alogous to  the  spongio- 
plasm  of  other  cells.  A 
more  homogeneous  and 
fluid  substance  intervenes 
between  the  sarcostyles, 
called  sarcoplasm,  and  is 
in  turn  analogous  to  the  hyaloplasm  of  other  cells. 
The  sarcostyles  are  not  uniformly  or  evenly  dis- 
tributed in  each  muscle  fiber,  but  arc  grouped  into 
bundles.  In  cross  sections  the  fiber  has  therefore 
a  honeycomb  structure,  the  niimite  areas  beini; 
known  as  Cohnheinvs  fields.  A  single  Cohnheini 
field  represents  the  cut  ends  of  a  single  bundle  of 
fibrils  or  sarcostyles. 

The  cross  striation  is  intricate  and  therefore  more 
difficult  to  explain.     This  striation  consists  of  alter- 


Slui'U'  niutnis. 


\iri>Umnia. 


Fig.  56. —  C'ru^s   s(«lit»n    of    thrrr 
voluntary  mustU-  TjIkts. 
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nating  light  and  dark  bands.  The  dark  bands  are 
doubly  refractive  to  Hght,  or  anisotropic,  while  the 
light  bands  are  singly  refractive,  or  isotropic.  The 
dark  bands  represent  a  predominance  of  the  sarco- 
style  substance,  and  the  Ught  bands  a  predominance 
of  the  sarcoplasm.  In  the  middle  of  the  light  band 
a  dark  line  can  be  seen,  known  as  Krause's  membrane. 
In  the  middle  of  the  dark  band  a  light -colored  line  is 
present,  known  as  Hensen's  median  disc.  The  latter 
disappears  when  a  fiber  contracts. 


These  transverse  markings  are  all  due  to  the  dis- 
tribution of  the  sarcoplasm  and  the  regular  con- 
strictions of  the  sarcostyles.  The  sarcostyles  are 
not  of  uniform  dimensions,  but  at  regular  intervals 
show  dilatations  alternating  with  constrictions.  The 
dilatations  appear  at  regular  intervals  and  in  the 
same  transverse  plane  of  the  muscle  fiber,  thus 
giving  rise  to  the  dark  band.  Krause's  membrane 
is  not  a  membrane,  but  represents  minute  nodal 
points  of  the  sarcostyles,  placed  in  the  same  trans- 


fi'-!'>: 


I'' 


verse  plane  of  the  fiber  and  in  the  middle  of  the  Hghi 
band.  The  hght  band  represents  an  abundance  of 
sarcoplasm  and  it  is  in  this  sectional  area  that  the 
sarcostyles  suffer  a  constriction.  As  Hensen's  me- 
dian disc  is  a  light  line  in  the  middle  of  the  dark 
band  there  must  be 
a  deep  constriction, 
if  not  a  complete 
constriction  of  the 
sarcostyles  at  this 
point. 

The  whole  muscle 
fiber  between  the 
two  Krause's  mem- 
branes is  called  a 
sarcomere,  and  con- 
sists of  a  median 
dark  band  and  the 
proximal  halves  of 
the  adjacent  light 
bands.  A  single 
fibril  or  sarcostyle 
between  two  of 
Krause's  mem- 
branes is  called  a 
sarcous  element. 

It  is  believed  that 
muscular  contractil-  <^*""  •""'  ''^'^"'"lO- 
ity  is  particularly  a  function  of  tlie  sarcoslylcs  and 
that  the  sarcoplasm  serves  more  as  a  storage  of  energy 
or  food.  As  to  color  there  are  two  kinds  of  muscle, 
white  and  red.     In  while  meat,  as  tlic  muscle  of  the 
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breast  of  a  bird,  the  fibers  have  a  poor  supply  of 
sarcoplasm  and  a  predominance  of  sarcostyles.  In 
red  meat  the  fibers  are  rich  in  sarcoplasm  and  have  a 
less  supply  of  the  sarcostyle  protoplasm.  In  the 
myology  of  man  both  kinds  of  fibers  are  present. 
The  white  fibers  are  more  powerful  but  have  less 
endurance;  that  is,  if  held  in  tetanic  contraction 
with  no  interval  of  rest  they  would  tire  quicker  than 
the  red  fibers.  The  pectoral  muscle  of  birds  is 
powerful,  but  would  soon  tire  but  for  the  interval 
of  rest  that  intervenes  between  the  strokes  of  the 
wing;  that  is,  during  its  upward  movement. 


Blood  Supply. — Blood-vessels  follow  the  con- 
nective tissue  of  a  muscle,  and  penetrate  to  the 
individual  fibers  where  they  break  up  into  capil- 
laries. These  vessels  run,  as  a  rule,  parallel  to  the 
fibers,  forming  a  network  with  anastomosing 
branches.  They  extend  in  a  varicose  manner 
between  the  fibers  in  such  a  way  that  when  a  muscle 
contracts  they  readily  adjust  themselves,  without 
breaking. 

Nerve  Supply .^MeduUated  nerve  fibers  accompany 
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the  blood-vessels  and  terminate  l)eneatli  the  sarco- 
lemma  in  sf)ecial  end  plates  called  muscle  plates. 
These  will  be  described  under  special  nenc  endings, 
Non>medullated  or  sympathetic  nerve  fil>ers  also 
accompany  blood-vessels,  but  they  innervate  the  in- 
voluntary musculature  of  arteries  and  veins. 

Distribution. — Voluntary  muscles  are  the  skeletal 
muscles,  and  make  up  the  bulk  of  the  body. 
Striated  fibers  are  present  in  the  upper  part  of 
the  esophagus,  and  also  constitute  the  platysma 
muscle  of  the  skin. 

Union  with  Tendon  and  Bone.-  The  muscle 
fibers  terminate  abruptly  with  tendon  fil>ers.  This 
is  not  a  direct  end-to-end  union,  but  the  tendon 
fibers  fuse  with  the  sarcolemma  at  an  an^^le.  In  the 
same  way  the  muscle  fibers  unite  with  the  periosteum 
of  the  bone.  At  this  point  Sharpey's  fibers  are 
particularly  abundant  and  firmly  anchor  the  peri- 
'  osteum  to  the  compact  bone  lamclLx. 

General  Considerations. — A  muscle  tumor  is  called 
a  myoma.  Tumors  of  plain  muscle  arc  common  in 
the  wall  of  the  uterus.  They  arc  benign,  of  slow 
growth,  and  usually  harmless.  A  tumor  of  striated 
muscle  fibers  is  very  rare.  The  tissue  is  highly 
specialized  and  the  fibers  therefore  do  not  multiply 
readily.  If  a  muscle  is  injured  or  cut  the  voluntary 
fibers  regenerate  partly  from  the  cut  end  and  partly 
from  free  muscle  nuclei  that  are  shed  into  the  wound, 
but  mostly  by  connective-tissue  repair  that  leaves  a 
pfermanent  scar. 

The  physiological  action  of  plain  muscle  is  slow, 
producing  peristaltic  contractions.  That  of  volun- 
tary muscle  is  rapid,   as  in  the  wings  of  insects. 
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Voluntary  muscles,  while  more  powerful,  tire  easily. 
Plain  muscle  has  a  wonderful  endurance.  The 
pain  produced  by  violent  action  of  plain  muscle  is 
in  direct  proportion  to  the  degree  of  contraction. 
Some  examples  are :  the  colicky  pains  of  the  intestine ; 
labor  pains;  pains  due  to  calculi  in  the  ureter  or  bile 
duct;  or  the  pain  in  appendicitis  produced  by  con- 
traction of  the  plain  muscle  of  the  appendix.  These 
pains  have  many  things  in  common  They  may 
last  for  hours,  they  remit  and  recur  with  regularity, 
and  they  come  in  waves. 

An  infection  in  a  muscle,  as  a  psoas  abscess,  bur- 


Fig.  60. — Diagram  o(  a 


rows  in  the  fascia, — that  is,  spreads  along  the  con- 
nective-tissue septa,  perimysium  and  cndomysium. 
The  quality  of  meat  depends  on  the  amount  of  con- 
nective tissue.  In  tough  meat  the  fasciculi  are 
coarse  and  perimysium  abundant.  In  tender  sir- 
loin the  reverse  prevails. 

I\-.    PJERVOUS  TISSUE. 

Xervous  tissue  is  most  highly  speciaHzed  of  all 

tissues  and  consists  of  elements  called  neurons.     A 

neuron  is  a  nerve  cell  with  all  its  processes.     Tliese 

cells  vary  greatly  in  size;  usually  they  are  large. 


They  bftve  oae  or 
distinct  nuriris.     The 
Ducleofcs,  a 
small  supply  at 

Tbe  crtoplasm  is  lEBiDy  pcgarated.  the 
being  coUected  to  cat  side  of  tbe  odL    It  ! 
pigment   that  gives  aer^wB  tisBiie  a   gray 
wherever  these  odh  are  ftmmd.    Fat  and 
are  also  usually  found  in  tbe  cytopbsni.    The 
esses  of  nerve  celis  are 


cofar 


Fig.  6 1.— Transverse  seclion  through  the  sciatic  nerve  o(  a  fn^. 
At  a  and  li  is  u  iliagunal  fissure  between  two  Laatenoann's  scHirirntsi 
as  a  result,  the  medulbnr  shcalb  here  appears  double  (BOhm  utd 
Daridoa). 

I.  Axis  cylinder  (Deiters'  process,  axon,  neuritc, 
or  neuraxon),  which  is  usually  a  long  protoplasmic 
process  that  physiologically  carries  an  impulse  away 
from  the  cell.  Collaterals  are  nerve  processes  Hint 
leave  the  axis  cylinder  at  right  anglt^s.  They  are 
commonly  found  near  the  nerve  cells,  but  may  ap- 
pear at  a  node  of  Ranvier  some  distaiici:  away  from 
the  nerve  cell. 
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2.  Dendrites,  which  are  usually  short  processes, 
very  much  branched,  and  physiologically  carry  an 
impulse  toward  the  nerve  cell.  A  collection  of 
nerve  cells  constitutes  a  ganglion,  while  a  nerve 
plexus  is  a  reticulum  or  interlacing  of  nerve  fibers. 
Nerve  cells  are  classified,  according  to  the  number 
of  their  processes,  into  unipolar,  bipolar,  and 
mulli polar. 

Nerve  Cells. — i.  Unipolar  nerve  cclls.—These  are 
nerve  cells  with  but  one  process.     If  a  nerve  cell 


Arltry  Jmf  trin.  Kip-W  •trr.-r  irlU. 

Fig.  6j.— Si'ition  oi  spindl  BiiiiRliun. 

has  but  one  process  that  process  must  l>e  an  axis 
c\lin<ler.  If  a  nerve  cell  has  many  processes  onh' 
one  is  an  axis  cylinder,  the  others  are  dcmlrites. 
I'liipolar  nerve  cells  are  found  in  the  olfactory  mucous 
membrane.  They  are  columnar  or  cylindrical  and 
each  gives  rise  to  a  basal  pnx-ess,  the  axis  cylinder, 
which  remains  non-nitdullated  and  extends  through 
the  cribriform  plate  I0  enter  tlie  olfactory  lobe  of  the 
cerebrum.  This  cl'iss  of  nerve  cells  is  common  in 
invertebrates. 


2.  Bipolar  Nerve  Cells. — Bipolar  nerve  cells  have 
two  processes, — one  axis  cylinder  and  one  dendrite. 
Nerve  cells  of  the  spinal  ganglia  and  ganglia  of  the 


Fig.  63,— Two  bipolar  1 


e  cc[]s  from  the  spinal  gangUun. 


cranial  nerves  belong  to  this  class.  These  cells 
apparently  are  unipolar,  but  their  embryology 
clearly  shows  the  single  process  to  be  morphologically 
equivalent  to  two.    In 

this    particular    case      — _^y— ^ — - -^  ~~ 

the  long  peripheral 
process  carries  an  im- 
pulse to  the  cell,  and 
this  long  process  is 
therefore  a  dendrite. 
The  short  process  that 
unites    the    ganglion 

.,,     .,  ,      ,  I'lg.  64.— Three  gnng'ion  cells  from 

With   the   central   ncr-       a  spbal  ganglion  of  a  rabbit  embryo. 

vous    system    is    the    Sr^lrtShK' JJliS; 

axis  cylinder.  These  and  finally  form  the  T-ahaped  structure 
,  !_•      t  11  seen  in  the  adult  animal;  chramc-silvcr 

large  bipolar  cells  are    method  (Bahm  and  DavidoU). 
surrounded  by  a  cap- 
sule of  connective- tissue  cells.     The  cells  are  large  and 
the  single  compound  process  very  soon  divides  into 
the  two  processes  mentioned  above.     The  cytoplasm 
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of  these  cells  has  a  fibrillar  structure,  this  striation 
having  a  close  relation  to  the  fibrillae  of  the  axis 
cylinder. 

The  spinal  ganglia  are  situated  on  the  posterior 
or  sensory  root  of  the  spinal  nerves  and  within  the 
vertebral  canal.  The  Gasserian,  geniculate,  audi- 
tory, jugular,  and  petrosal  ganglia  of  the  cranial 
nerves  are  morphologically  equivalent  structures. 

The  nerve  cells  of  all  these  ganglia 
are  bipolar,  with  the  exception  of  a 
few  cells  said  to  be  multipolar.  In 
addition  to  nerve  cells,  nerve  fibers 
and  connective -tissue  elements 
make  up  the  histology  of  these  gan- 
glia. A  liberal  blood  and  lymph 
supply  is  always  present. 

3.  Multipolar    Nerve   Cells. — 
These  are  nerve  cells  with  many 
processes,  only  one  of  which  is  an 
axis  cylinder.     They  constitute  by 
far  the  bulk  of  nerve  cells  and  are 
found  in  the  brain  and  spinal  cord 
and  in  ganglia  along  the  sympa- 
thetic nervous  system.     The  cells 
vary  in  size  from  4  //  in  the  granular 
Sivvr  of  the  cerebellum  to  150  //,  the  largest  nerve 
>xr:>  of  the  spinal  cord.      Chromatophile  granules, 
-rucicfie?^   fat»  and  a    fibrillar    structure    is  found 
Vi=^A»%:ttLK\i  i»-ith  the  c>^oplasm.      Large  multipolar 
w?^:^  >::^3ik  called  celis  of  Purkinje,  are  found  in  the 
rrrovtltirti  ui\l  will  be  described  with  the  histology 


it.' 


Nucleus. 


Fig.  65. — Gan- 
glion cell  with  a 
process  dividing  at 
a  (T-shaped  proc- 
ess); from  a 
spinal  ganglion  of 
the  frog  (Bohm 
And  Da\-idoff). 
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Nerve  Fibers. — i.  Medullated  Fibers. — Medullated 
nerve  fibers  usually  consist  of  three  parts,  (a)  axis 
cylinder,  (6)  medullary  sheath,  (c)  neurilemma.  An 
axis  cylinder  is  a  cell  process  that  carries  an  impulse 
away  from  the  nerve  cell.  It  is  a  slender  c}rtoplasmic 
process  and  may  be  very  long,  as  is  the  case  with 


Fig.  66. — Ganglion  cell  from  the  Gasserian  ganglion  of  a  rabbit;  stained 
in  mcthylene-blue  {itUra  vitam)  (Hubcr). 

the  motor  fibers  that  come  from  nerve  cells  in  the 
anterior  horn  of  the  spinal  cord  and  extend,  without 
interruption,  to  muscles  in  the  distal  parts  of  the 
limbs.  The  axis  cylinder  presents  a  longitudinal 
striation,  a  fibrillar  structure,  that  is  supposed  to  be 
continuous  with  the  cytoplasmic  striation  of  the 
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Fig-  68— A  nrrw  cfll  with  hranrhwl  drndritrs  (Purkinje's  cell), 
from  the  cerebellar  lortei  of  a  rabbit;  ehrunic-silvcr  mclhod  (Bohm 
Bixl  Davidoff). 


cell  body.  The  fibrils  are  imbedded  in  a  fluid  pro- 
toplasmic substance,  the  neuroplasm,  and  the  whole 
surrounded  by  a  delicate  membrane,  the  exolemma. 
Implantation  cone  is  an  elevation  that  is  sometimes 


BmA-lila  utodtrndriim. 


present  at  the  junction  of  the  axis  cylinder  and  cell 
body. 

The  medullary  sheath  (white  sheath  of  Schwann) 
is  a  covering  to  the  axis  cylinder.    This  sheath  never 
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extends  to  the  nerve  cell  but  begins  a  little  distance 
from  it.  It  consists  of  fat  and  neurokeratin.  The 
latter,  on  burning,  gives  an  odor  of  burnt  bone.     It 


Ranvier's  node. 

— —  Axial  cord. 
— — *  Medullary  sheath. 


Nmleus, 


-— R,invier*5  node. 


Fig.  70. — Mcdullated  nerve  fibers  from  a  rabbit,  varying  in  thick- 
ness and  showing  interncxlal  segments  of  different  lengths.  In  the  filxT 
at  the  left  the  neurilemma  has  become  slightly  separated  from  the  under- 
lying structures  in  the  region  of  the  nucleus  (Bohm  and  Davidoff). 

is  this  sheath  that  gives  the  white  color  to  nerves  and 
the  white  matter  of  the  brain.  In  osmic  acid  prep- 
arations, oblique  fissures  appear  in  the  medullary 
sheath  dividing  it  into  sections  known  as  Schmidt- 
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-  Fibril!  bI  w 


Lanicrmann  segments.  It  is  claimed  by  some  that 
these  are  artifacts.  Nodes  oj  Kanvifr  are  con- 
strictions of  this  sheath  at  regular  intervals  of  80 
to  900  II.  The  smaller  the  fiber,  the  greater  the 
distance  between  these  nodes.  Long  fibers  are 
slender,  with  long  distance  between  the  nodes; 
short  fibers  are  coarse,  with 
short  distance  between  the 
nodes.  Furthermore,  in  young 
fibers  and  at  the  distal  por- 
tion of  nerve  fibers  the  nodes 
are  relatively  closer  together. 
The  neurilemma  is  a  thin 
structureless  membrane  thai 
surrounds  the  medullary 
sheath.  An  oval  nucleus  is 
present  in  this  sheath,  midwa> 
between  the  nodes  of  Ranvier 
At  each  node  the  neurilemma 
is  constricted  and  touches  the 
axis  cylinder,  which  in  turn 
may  be  slightly  thickened  at 
this  point  and  may  give  off  a 
collateral.  Medullated  nervt 
fibers  with  a  neurilemma  are  found  in  the  cranial 
and  spinal  nerves.  Medullated  fibers  without  a 
neurilemma  are  found  in  the  brain  and  spinal  cord. 
The  neiuilemma  gives  great  strength  to  the  fibers. 
Its  absence  in  the  brain  and  cord  accounts  for  the 
pulpy,  soft  nature  of  tliis  tissue. 

2.  Non-meduUaicd  nerve  fibers  with  a  neurilemma, 
but  without  a  medullary  sheath,  mingle  with  the 
medullated  fibers.     The  sympathetic   system  con- 


7t  — Lnngitxidinal 
through  a  nerve 
hhtr  from  the  scialic  nerve 
frog  (Bbhm  iid 
Davidolf). 
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sists  largely  of  non-medullated  fibers.  Terminal 
branched  endings  of  an  axis  cylinder,  called  neuro- 
podia  y  have  neither  medullary  sheath  nor  neurilemma. 
The  axis  cylinder,  just  as  it  leaves  its  nerve  cell,  is 
likewise  uncovered. 

Nerve  Trunk. — The  fibers  that  constitute  a  nerve 
are   grouped   into   bundles   called  funiculi.     Each 

funiculus  is  enclosed  in  a  connective- 
tissue  sheath,  the  perineurium,  which 
sends  septa,  the  endoneurium,  in 
among  the  individual  fibers.  The 
whole  nerve  is  enclosed  in  a  firm  con- 
nective-tissue sheath,  the  epineurium. 
Blood-  and  lymph-vessels  accompany 
the  connective-tissue  elements  and 
ramify  through  the  nerve  just  as  is 
the  case  in  a  muscle. 

Nerve  cells  with  a  long  axis  cylinder 
were  classified  by  Golgi  as  Type  I,  and 
with  a  short  axis  cylinder  as  Type  II. 
Golgi  believed  the  former  to  be  motor 
in  function,  and  the  latter  sensory,  a 
classification  no  longer  tenable. 

Neuroglia  tissue  is  a  delicate  sup- 
porting tissue  of  the  brain  and  cord, 
consisting  of  cells  with  many  fine  in- 
terlacing branches,  mossy  cells,  or  spider  cells. 
These  cells  develop  from  the  ectoderm  and  are  onto- 
^cnetically  closely  related  to  nerve  cells.  Their 
function  is  to  give  support,  not  to  conduct  nerve 
impulses. 

The  great  nerve  center  in  the  body  is  the  cerebro- 


Nucleus. 


Fig.  72. — Rc- 
mak's  fibers 
( non  -  medullatcd 
fibers)  from  the 
pneumogastric 
nerve  of  a  rabbit 
(Bohm  and  Da- 
vidofT). 


spinal  system— hrain  and  spinal  cord.     Next  comes 
the  sympathetic  system,    made  up  of  ganglia  and 


1  o(  a   peripheral  nerve- 


mostly  non-meduUated  nerve  fibers  that  terminate 
in  glands  or  smooth  muscle.     Lastly,  the  peripheral 
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system, — nerve  terminations  formed  in  tissues  and 
organs  throughout  the  whole  body. 

General  Considerations. — Nerve  cells  are  so  highly 
specialized  that  their  multiplication  after  birth  is  un- 
known. We  never,  therefore,  find  tumors  of  nerve 
cells.  If  a  nerve  cell  is  cut,  the  axis  cylinder  re- 
moved from  the  nerve  cell  dies  while  the  end  that 
is  still  attached  to  the  cell  regenerates  and  may 


restore  the  lost  part.  Surgeons  unite  the  ends  of  a 
cut  nerve  so  that  the  axis  cylinder  may  develop  along 
the  old  nerve  trunk  which  becomes  a  path  of  least 
resistance. 

In  amputations  the  cut  nerve  may  grow  into  a 
tumor,  called  a  vcuroma.  Such  a  tumor  would  con- 
sist of  ner\e  fibers  and  the  accompanying  connective- 
tissue  elements.     Injury  to  nerve   cells,   such  as 
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brain  or  ganglia,  heal  by  production  of  connective 
tissue  and  accompanying  scar. 

The  function  of  the  axis  cylinder  is  to  conduct 
a  nerve  impulse.  Physiologically  such  an  impulse 
travels  away  from  the  cell,  but  experimentally  it  may 
pass  in  the  opposite  direction,  as  is  the  case  when  a 
nerve  is  stimulated  midway  in  its  course.  The  axis 
cylinder  being  made  up  of  fibrils,  it  follows  that  such 
a  cylinder  may  conduct  more  than  one  impulse, 
which  in  turn  reach  diflferent  centers  through  dif- 
ferent collaterals. 

The  function  of  the  medullary  sheath  is  to  protect 
and  nourish  the  axis  cylinder.  Experimentally  the 
non-meduUated  nerve  fibers  will  tire  quicker  than 
the  medullated.  The  nodes  of  Ranvier  are  points 
where  nourishment  from  the  blood  and  lymph  can 
reach  the  cylinder.  It  is  affirmed  by  some  that  the 
endolemma  is  only  a  lymph  space  surrounding  the 
axis  cylinder. 

The  neurilemma  is  protective  in  function  and  gives 
great  strength  to  the  fibers.  With  nerves  that  ter- 
minate in  muscle  fibers  the  neurilemma  is  continuous 
with  the  sarcolemma  of  the  muscle.  Proximally  the 
neurilemma  begins  where  the  medullary  sheath  takes 
up,  always  a  short  distance  from  the  nerve  cell,  which 
leaves  the  axis  cylinder  uncovered  as  it  emerges  from 
the  cell. 

It  is  affirmed  that  the  neuron  represents  the  ele- 
mentary unit  of  nerve  tissue,  and  that  neurons  are 
merely  in  contact  with  each  other  and  not  in  proto- 
plasmic continuity.  This  idea  constitutes  the  neuron 
theory. 


CHAPTER  III. 

CIRCULATORY  SYSTEH,  BLOOD,  HARROW,  AND 

LYHPHATIC  ORGANS. 

HEART. 

The  heart  is  a  muscular  organ.  Its  wall  consists 
of  three  layers,  endocardium,  myocardium,  and 
epicardium, 

1.  The  endocardium  is  a  serous  membrane  that 
covers  the  inner  surface.  Histologically  it  consists 
of  two  layers,  an  inner  lining  of  simple  squamous 
epithelial  cells  (endothelium  or  mesothelium),  and 
an  outer  layer  composed  of  connective-tissue  fibers, 
connective-tissue  cells,  and  smooth  muscle  cells. 
The  endocardium  is  reflected  over  the  heart  valves 
where  the  smooth  muscle  is  particularly  abundant. 

2.  The  myocardium  is  the  middle  layer  and  forms 
the  mass  of  the  heart  wall.  It  consists  of  muscle 
tissue,  the  cardiac  muscle  already  described  (page  87). 
This  muscle  consists  of  many  layers  that  course  in 
different  directions  with  connective-tissue  elements 
intervening,  in  which  branches  of  the  coronary 
blood-vessels  ramify. 

3.  The  epicardiimi  is  the  outer  covering,  a  serous 
membrane,  and  histologically  similar  to  the  endo- 
cardium, with  a  greater  deposit  of  fat.  The  epi- 
cardium is  reflected  to  form  the  pericardium,  the 
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epithelial  cells  secreting  a  serous  fluid  that  acts  as  a 
lubricant. 

ARTERIES  AND  VEINS. 

Arteries. — The  arteries  convey  blood  from  the 
heart  to  the  capillaries,  and  vary  in  size  from  the 
aorta,  the  largest,  down  to  minute  structures  of  mi- 
croscopic cahber.  The  walls  of  these  vessels  are 
composed  of  three  layers:  tunica  intitna,  media,  and 
advetititia. 

I.  Tunica  intitna  is  the  internal  coat  and  is  a  very 


P   Fig   76. — CroM  section  of  small  artery 


A    artery;  V,  vein. 


'  thin,  smooth,  glassy  membrane,  often  difficult  to 
demonstrate  in  sections.  This  is  again  divided 
into  three  layers,  the  innermost  being  a  layer  of 
pavement  endothelial  cells,  outside  of  which  we  find 
a  delicate  fibrous  connective-tissue  fabric,  the  sitb- 
endothelium.  and  outside  of  this  again  a  layer  of  elas- 
tic fibers  called  the  fenestrated  membrane  of  Henle. 
The  endothelial  layer  is  made  up  of  a  single  layer  of 
flattened  cells,  held  together  by  a  cement  substance 
and  analogous  to  the  endotheUum  of  the  peritoneum 
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and  pleura  already  described.  These  cells  are  plas- 
tic, loosely  attached  to  the  subendotheUum,  and 
form  a  sUppery  surface  over  which  the  arterial 
blood  flows  rapidly.  Any  damage  to  these  cells 
results  quickly  in  the  formation  of  a  small  blood- 
clot  at  the  point  of  injury,  from  which  we  infer  that 
they  play  a  most  important  physiological  role  in 
their  relation  to  the  blood  stream.  The  subendo- 
thelium  is  made  up  of  a  deUcate  network  of  elastic 
fibers,  enclosing  a  few  connective-tissue  cells,  which 
allows  the  appUed  endothelium  a  limited  amount  of 
mobiUty.  The  fenestrated  membrane  of  Henle  (called 
the  internal  limited  membrane  of  the  media  by 
some  authors)  consists  of  a  coarser  elastic  network 
of  heavier  elastic  fibers  which  when  peeled  away  as 
a  whole  presents  on  the  exposed  surface  a  basket- 
work  arrangement  of  its  fibers  with  numerous  in- 
tervening elongated  apertures  like  so  many  windows, 
hence  its  name.  This  membrane  in  cross-section  of 
arteries  appears  as  a  wavy  or  corrugated  white 
Une  encircUng  the  artery  very  near  to  its  inner 
surface. 

2.  Tunica  Media. — This  is  the  middle  layer  of 
an  artery,  and  makes  up  the  bulk  of  its  wall.  In 
small  arteries  a  considerable  amount  of  smooth  cir- 
cular muscle  fibers  is  always  present,  while  in  the 
larger  arteries  circular  elastic  and  non-elastic  con- 
nective-tissue fibers  make  up  its  bulk.  A  sprinkling 
of  connective-tissue  cells  may  be  seen,  also  a  limited 
amount  of  longitudinal  muscle  and  connective-tis- 
sue elements.  A  few  blood  capillaries  and  lymphatic 
spaces  are  present,  which  always  connect  with  a 
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coarser  vascular  system  of  the  outer  layer,  never 
directly  with  the  blood  within  the  artery  through 
the  intima.  Of  course,  nerve  endings  are  found, 
which  can  only  be  demonstrated  in  specially  pre- 
pared sections. 

3.-  Tunica   Adventitia. — This  is  the  outer  layer. 


Endothelium. 
Subcndothelium. 
Ftnfslratrd     mem' 
branc  0/  llenle. 


-» —  "     -V—-  "  -:■ —  Media. 


Advenlitia. 
Fat  cells. 


Vasa  x<ascrum. 
Fig.  77. — Cross  section  of  aorta. 

and  is  made  up  of  a  loose  arrangement  of  tissues,  and, 
taken  as  a  whole,  is  less  definitely  defined  than  the 
media.  It  varies  in  thickness  according  to  the  lo- 
cation of  the  artery,  but,  as  a  rule,  it  is  not  so  wide 
as  the  media;  while  in  the  media  the  connective- 
tissue  fibers  are  arranged  in  sheets  which  interlace 
with  any  muscle  that  may  be  present,  in  the  adven- 
titia the  fibers  form  diagonal  bundles,  mostly  of  the 
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Wilt  f*lMt)t  ji  kiiHli  which  minf(l^*  with  the  adjacent  are- 
olar fh<)Mf*  with  whi(*h  (irteri(*H  are  nearly  always  as- 
cfrf  ImIhI  'i\w^  liUiulleH  often  serve  as  support  to 
iiUfiOi^,  \ty  wliirli  the  lalter  are  more  firmly  an- 
I  liofi'/l  I'totii  tiiU'h  u  union  between  the  vena  cava 
MfMl  mIiHomiImmI  uortu  to  tlie  liver  this  organ  receives 
M  oMbc^tMfifiMl  Mipport.  'I'he  kidneys  and  ovaries 
MM<  of^/MtfC)  thMf  tuuy  lie  cited  as  benefiting  greatly 
by  ^mU  M  ronticction.  A  considerable  amount  of 
bif  l«»ofl*'n  \}tVM'Ui  in  the  adventitia,  also connective- 
(|6}t»iM*  rrlU,  IHTVCH,  a  few  smooth  muscle  fibers, 
lvtM|ihMtirt),  Mild  bUKKl-vessels.  The  latter  are 
Hillid  vir.n  viiwrum,  and  play  an  important  part  in 
I  III-  WfUr\^Uuwu\  of  the  arterial  wall.  The  vasa 
vMt>«fMiMi  MM'  HU I)  branches  derived  usually  from 
•uiuw  tiUmW  bf«nrh  of  an  adjacent  artery,  but  may 
intw  dlMTlly  from  a  small  branch  of  the  same  artery 
whirh  l«»  KiviMi  off  at  a  higher  point. 

A«»  «»fHtcd  Iwforc,  large  arteries  have  relatively  a 
UiH^i'  Minoiinl  of  I'lastir  filKfrs  and  a  small  amount  of 
t;rMfKif  It  nin«*rlr.  'I'lie  aorta  has  scarcely  any  muscle. 
In  fill*  «»n»Hll  arleries  the  reverse  is  true.  The  wall 
nf  Utt^fv  HftrricH  is  relatively  thinner  than  that  of 
^nnill  otir*^  The  reverse  is  true  of  the  intima.  In 
InrK'*  H^t^^^^^  the  adventitia  is  also  relatively  scant, 
wliilr  in  the  Huniller  ones  the  adventitia  maybe  one- 
htilf  In  twr»  thirds  the  thickness  of  the  media.  On 
nridnnt  of  thr  rigid  and  elastic  arterial  wall  these 
vi'^^fK  titv  n»*niilly  empty  after  death,  contracted 
but  iclnin  llicit  ncirnial  shape;  while  veins,  on  the 
ntJM't  hnnd.  collapse  and  usually  contain  a  certain 
nninnnt  ni  blcMxl. 
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Veins. — These  vessels  convey  the  blood  from  the 
capillaries  back  to  the  heart.  The  progressive  in- 
crease in  size  and  the  tHckness  of  their  walls  is 
accompanied  by  a  relative  increase  in  blood  pressure 
and  rate  of  blood  flow,  yet  nowhere  is  this  equal  to 
what  obtains  in  the  large  arteries.  Structurally 
we  find  the  same  layers  in  veins  as  in  arteries,  with 
the  chief  difference  that  the  vein  wall  is  much  thinner. 
The  endothelial  layer  of  cells  is  supported  by  a 
very  thin  layer  of  deHcate  connective- tissue  libers, 
mostly  non-elastic,  while  the  fenestrated  mem- 
brane of  Henle  is  incomplete  and  usually  difBcult 
to  demonstrate.  The  media,  as  in  arteries,  is  the 
most  prominent  layer,  but,  unhke  arteries,  the  non- 
elastic  fibers  prevail.  Smooth  muscle  fibers,  mostly 
circular,  are  often  significant  in  this  layer,  while 
the  other  tissue  elements  are  less  conspicuous. 
The  adventitia  resembles  more  closely  that  found 
in  arteries,  with  perhaps  even  less  of  the  elastic  ele- 
ments and  more  of  the  smooth  muscle  cells.  Com- 
paring the  different  sizes  of  veins,  we  find  an  excess 
of  elastic  and  muscular  tissue  in  large  veins.  In 
the  pulmonary  vein  the  circular  muscle  fibers  are 
well  developed,  while  in  the  large  cranial  veins, 
such  as  the  meningeal  sinuses,  muscle  tissue  is  almost 
entirely  absent.  Veins,  like  arteries,  therefore, 
show  a  structural  variation,  depending  not  only  on 
size,  but  on  location.  It  should  be  mentioned  that 
in  many  superficial  long  veins,  Hke  those  of  the  legs 
and  neck,  valves  are  present  in  the  form  of  crescentic 
folds  of  the  intima  which  function  in  overcoming 
the  pressure  of  blood  due  to  gravity.     Those  of  the 
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neck  are  so  placed  as  to  become  functional  when  an 
animal  lowers  its  head,  as  in  the  act  of  grazing. 

Summary  of  Arteries  and  Veins. 

I.    Tunica  intima. 

1.  Enduthelium,  simple  squamous  epithelial  cells. 

2.  Subcnduthelial  layer. 

*(a)  While  connective-tissue  fibers. 
ib)  Connective-tissue  cells. 
t(c)  Klastic  connective-tissue  fibers. 
t3.  Henle's  fenestrated  membrane  (elastic  internal  limiting  mem- 
brane).   Interlacing  basketwork  of  elastic  fil)ers. 
II.    Tunica  media. 

ti.  Smooth  muscle,  circular. 

t2.  Elastic  plates  and  fibers,  longitudinal  and  circular. 

3.  Nerves. 

4.  Hlood  capillaries,  difl'icult  to  demonstrate. 
*5.  White  connective  fibers. 

().  Connective-tissue  cells. 
7.  Muscle  fillers  longitudinal,  rare. 
III.     Tunica  adventilia. 

*i.  White  connective-tissue  fibers,  longitudinal  and  oblique. 

2.  Connective-tissue  cells, 
t^.  Elastic  connective- tissue  fibers,  longitudinal   (external  limit, 
ing  membrane). 

4.  Nerves. 

5.  Vasa  vasorum  Oilood- vessels). 

6.  Lymphatic  vessels  and  nodes. 
*;.  SmiH)th  muscle  fibers. 

It  should  be  remembered  that  structural  difference 
in  large  and  small  arteries  is  in  keeping  with  their 
function.  In  small  arteries  or  arterioles,  the  involun- 
tary muscle  is  conspicuous,  as  it  is  the  contraction  of 
this  muscle  that  regulates  the  blood  supply  to  an 
organ.     In  large  arteries,  as  the  aorta,  the  muscle  is 

*  This  tissue  predominates  in  veins. 
t  This  tissue  predominates  in  arteries. 
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unnecessary  and  is  greatly  reduced,  while  elastic  ele- 
ments are  unusually  well  developed.  The  muscle,  too, 
is  deficient  in  large  veins  situated  deep  in  the  body, 
as  the  vena  cava.    Many 

of  the  smaller  and  more  /  E-Jn/Aijjmt, 

superficial  veins  have  J^P"^"^  i..A<»(/f^f/ii.». 
valves,  folds  of  the  in-  i>^,  "  -^.-  '^b^nfi'iu^' 
tima,  so  arranged  as  to  f!^^^^^^-\  ""'" 
equalize  the  gravity  press- 
ure of  the  contained  ' 
blood.  Without  these  j 
valves  the  thin-walled 
veins       would      become 

greatly  distended.  If  for  any  cause  the  veins  ex- 
pand so  that  the  valves  do  not  act,  a  permanent 
distention  with  engorgement  of  blood  follows.  The 
veins  become  distorted  and  are  spoken  of  as  varicose 
veins,  a  condition  quite 
connnon  to  the  long 
saphenous  veins  of  the 
lower  limbs. 

Capillaries.  —  These 
are  the  finer  organic 
ramifications  of  the 
■  circulatory  system,  and 
unite  arteries  and 
veins.  Histologically, 
the  walls  of  capillaries 
consist  of  a  single  layer 
of  flattened  epithelial  (endothelial  or  mesothelial) 
cells.  The  blood  courses  very  slowly  through  these  in- 
terlacing tubes.  The  white  cells  penetrate  the  walls 
and  under  certain  conditions  even  the  red  corpuscles  i 


fig.  7^— CroHS  & 
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may  do  so.  According  to  some  investigators,  minute 
pores  in  the  epithelial  wall,  called  stigmata  and  sto- 
mata,  allow  this  migration.  Others  deny  the  presence 
of  these  spores,  in  which  case  the  blood  elements 
escape  by  passing  between  two  adjacent  epithelial 
cells,  after  which  this  opening  closes. 


FUU  vtav. 


Side  view. 


THE  BLOOD. 
The  blood  is  derived  from  the  mesoderm;  it  is  a 
red  fluid  that  consists  of  (i)  a  liquid  portion,  the 
plasma,  and  (2)  solid  constituents,  the  corpuscles. 

There  are  at  least  three  classes 
of  the  latter,  red  corpuscles^  white 
corpuscles f  and  platelets. 

I.  Red  corpuscles  (erythro- 
cytes) in  the  mammalia  are  non- 
nucleated,  circular,  biconcave 
discs.  In  all  the  other  verte- 
brate groups  and  in  all  embryos 
they  are  nucleated  oval  and 
biconvex  cells.  Each  corpuscle 
consists  of  a  red  coloring  matter, 
hemoglobin,  and  a  more  substan- 
tial fabric  or  reticulum,  the 
stroma.  The  hemaglobin  is  the 
bearer  of  oxygen,  is  readily  solu- 
ble in  water,  leaving  the  stroma 
or  fabric,  which  is  then  known  as 
a  ghost  corpuscle. 

The  red  corpuscles  are  soft  and 

elastic  and  arc  covered  by  an  oily 

film.     In  a  fresh  spread  they  adhere  to  each  other 

by  their  concave  surfaces  forming  rouleaux  or  ''moncy- 


Rouleau, 


Rouleau. 


Fir.     80—  RrrJ     hWyd- 
i(ir|)us(  Ics  frnni  man. 
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pile*' rows.  This  is  purely  a  physical  phenomenon.  As 
soon  as  the  oily  covering  dissolves  this  combination 
disappears.  The  corpuscles  ^e  extremely  susceptible 
to  changes  in  the  plasma.  If  water  is  added  they  will 
swell  up  and  the  hemoglobin  begins  to  dissolve.  With 
evaporation  the  corpuscles  begin  to  shrink,  forming 
minute  processes  and  they  are  then  said  to  be 
crenaied.  Evaporation  of  water  produces  an  in- 
creased percentage  of  the  salts 
in  solution.  This  in  turn  ab- 
stracts water  from  the  cor- 
puscles and  the  shrinking  or 
crenated  condition  follows. 

It  is  estimated  that  the  total 
amount   of  blood   in  man  is 

one-thirteenth  the  weight  of  the  body.  The  average 
normal  male,  therefore,  has  approximately  25,000,- 
000,000,000  red  corpuscles.     The  life  period  of  a  red 


Fig. 

(X)a-< 


81. —  Crenaied    red 
b1(X)d-corpuscles  from  man. 


Fig.  82. — Red  blood-corpuscle  of  frog;   a,  flat  view;    6,  side  view. 

corpuscle  is  not  definitely  known,  but  physiologists 
tell  us  it  is  probably  from  two  to  four  weeks.     Ac- 
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cordingly  the  daily  consumption  and  loss  is  enormous, 
and  is  equaled  only  by  as  constant  and  regular  a 
production  of  new  cells.  Their  number  in  man  is 
5,000,000  per  cubic  millimeter. 

The  following  table  gives  the  size  of  the  red  blood- 
corpuscle  in  the  different  groups  of  animals : 

Man   7.2  to  7.8  /£.  Chick 12. 1  by    7.2  ft. 

Monkey 7.0  n.  Duck 12.9   "     8.0  //. 

Dog 7.5 /t.  Tortoise..  2 1.2   "    12.5 /i. 

Cat 6.2/1,  Snake.  .  .22.0  "    13.0  fit. 

Horse 5.6 /«.  Frog 22.3'*    15.7/1. 

Guinea-pig..  7.5  «.  Newt 30.7"    19.0 /t. 

White  Corpuscles. — These  are  colorless,  nucleated, 
plastic,  ameboid  cells.  Their  number  in  man  is 
from  7000  to  10,000  per  cubic  millimeter.  They  are 
variously  classified  according  to  the  morphology  of 
their  nuclei,  or  the  granules  in  the  cytoplasm  that 

/Sn^A        /^^^^S^^\      /^.iii^i      /'^^■\      /%••••-•'• 

(9)      ^^^^^    ^-^f)    (0^^]   ei"^- 

Sm.iW  I-'iff^f  Pol^morphir  Pulyniu  U\ir.  I'.'.'iiiuphiie. 

mo'.-'i.n-  'i.n.  iu>n:,>nui  Inir. 

rij^.  S^. — Wliiti'  ]»l()(Kl-(<)r|)US(  Ir^  frnin  man. 

take  different  stains,  or  as  to  their  orit^in,  or  as  to 
their  function.  For  practical  purposes  they  may 
be  classified  as: 

1.  Lympluhvtcs size   8  to  10  microns.  ...  2:  [kt  rent. 

2.  Large  mononuclear  Icuroryti's.    "     101015        "        .    .  .   4    '* 

3.  Polynmleatcd •'12  '"        74    *'      '* 

{a)  JMasl  cells 0.4  prr  icnt. 

(/')  Kosinophilcs 2104    " 

(c;  Ncutrophiles 70    " 
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Lymphocytes  are  small,  mon enucleated ,  white  cor- 
puscles, with  a  distinct  staining  nucleus  and  a  very 
narrow  border  of  cytoplasm.  Amoeboid  motion  is, 
accordingly,  much  limited  in  this  class. 

Large  mononucleated  leucocytes  have  a  large  vesic- 
ular and  usually  eccentric  nucleus.  Its  chromatin 
occurs  in  scattered  granules  that  stain  less  deeply 
with  nuclear  stains,  while  the  finely  granular  cyto- 
plasm is  usually  abundant.  These  cells  are  gener- 
ally regarded  as  phagocytic  in  function, 

Polynuclear  cells  are  only  slightly  larger  than  the 
red  blood-corpuscles.  The  nuclei  are  often  nodular, 
polymorphic;  that  is,  are  united  by  slender  constric- 
tions, or  are  lobulated  and  of  a  variety  of  patterns. 
In  a  small  number  of  these  cells  basophiUc  granules 
are  found  in  the  cytoplasm,  which  stains  blue  with 
basic  stains.  These  are  the  mast  cells.  Another 
small  group  have  eosin-staining  granules,  and  these 
are  the  eosinophiles.  The  large  bulk  of  polynucleated 
white  corpuscles  have  cytoplasmic  granules  that  take 
neither  acid  nor  basic  stains,  and  these  are  the  neu- 
trophilcs.  They  are  the  white  corpuscles  found  abun- 
dantly in  ordinary  pus  and  the  ones  that  produce  a 
general  leucocytosis  in  such  infections. 

The  percentage  of  these  different  cells  and  their 
total  number  per  cubic  millimeter  is  of  the  greatest 
clinical  value  in  blood  analysis.  They  are  often 
called  wandering  cells,  as  they  arc  able  to  pass 
through  the  capillary  wall  and  migrate  throughout 
the  tissues  and  organs.  The  polynucleated  form  is 
readily  recognized  by  multiple  or  fragmented  nuclei. 

^.  Blood  platelets  are  small,  colorless,  round,  non- 
nucleated  bodies  about  one-third  the  size  of  red 
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blood-corpuscles.    They  are  supposed  to  play  an  im- 
portant rflle  in  the  coagulation  of  blood.     As  soon 


Fig.  R4. —  Khrltth's  kucorytic  panulcs  (from  preparations  at 
H.  I'".  Milllcr);  n,  ArMnpMle  or  cnsmophJLc  granules,  relativfly  lanre 
ami  regularly  distributrd;  i,  nculrophilr  granules;  ,?,  amphophile 
granules,  few  In  numlwr  and  irregularly  distributed;  ]-<  tnasi  cells  with 
granulcE  of  1-arlou!)  sizes;  'J,  liasophile  granules;  (a, '',  and  c,  from  the 
niirmal  bt<K)tl:  ;-,  fniin  human  U-ukerniii  blcxxl;  ,?,  fnim  the  blood  ot 
guinpa-[>ig)  (fWihni  and  DavidofI). 

as  blood  is  shed  most  of  them  disappear,  unless  spe- 
cial precaution  is  made  to  preserve  them.  They  may 
be  preserved  by  pricking  the  finger  through  a  drop 
of  osmic  acid.  Their  number  per  cubic  millimeter 
is  from  200,000  to  600,000. 

According  to  Wright's  investigations,  these  plate- 
lets represent  detached  portions  of  giant  cells  found 
in  bone-marrow  or  in  the  spleen.  Schiifer  regards 
them  as  minute  cells,  while  others  think  of  them  as 
fragments  of  red  or  white  corpuscles. 

Hemin  Crystals  (Teichman's  crystals).— These 
come  from  the  hemoglobin  of  the  blood,  and  when 
found  are  always  a  positive  evidence  of  blood.  The 
crystals  can  be  obtained  from  clotted  blood,  no  mat- 
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ter  how  old  the  clot  or  stain  is.  Dry  blood  and  salt, 
equal  parts,  are  ground  together  on  a  glass  slide,  a 
few  drops  of  glacial  acetic  acid  are  added  and  heat 
applied  until  gas-bubbles  appear.  The  crystals  are 
brown,  rhombic,  and  easily  recognized. 


1^ 


Fig.  8s, — Cryslallized  hi-moglfibin :  .1,  b,  Crjilals  from  venous  bhujd 
of  man:  f.  from  the  bliKHl  of  u  i^t;  <l.  Imm  Ihr  bliHxl  of  a  guinea-pig; 
r,  from  Ihc  biuod  i>f  a  hainster;  /,  imm  the  blood  of  a  squirrel  (after 
Frey). 

MARROW. 

Bone  marrow  is  either  white  or  red.  The  white 
marrow  occupies  the  shaft  of  the  bone  and  is  largely 
fat.  The  red  is  found  in  the  ends  of  bones  or  can- 
cellated portions  and  is  richly  supplied  with  blood. 
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Histologically,  we  find  in  marrow  all  the  con- 
stituents of  blood  and  connective- tissue  elements, 
fibers  and  cells.  In  addition,  the  following  are  some 
of  the  more  characteristic  cells  of  this  tissue: 

1.  Hemaioblasis  or  Nucleated  Red  Blood-corpuscles. 
— These  cells  contain  hemaglobin  and  a  small  round 
nucleus  that  stains  heavily  with  hematoxylin.  They 
arc  supposed  to  be  the  chief  source  of  the  red  blood- 
corpuscle,  in  which  case  the  nucleus  must  disappear 
either  by  disintegration  or  extrusion. 

2.  Marrow  Cells  or  Myelocytes. — ^These  are  large 
cells  with  a  rather  large  nucleus  that  stains  lightly. 

3.  Eosinophilcs. — These  are  destined  to  become 
the  eosinophile  of  the  blood. 

4.  Giant  Cells  (myeloplaxes  or  osteoclasts). — 
These  are  very  large  polynucleated  cells,  having 
from  ten  to  twenty  nuclei.  Cells  of  this  class  are 
not  numerous,  but  extremely  large  (30  to  100  ^i). 

They  may  be  found  in  the  fetal 
liver  or  spleen,  and  are  very  char- 
acteristic of  developing  bone.  They 
present  a  finely  granular  proto- 
plasm without  any  cell  wall.  The 
Fie;.  86.-Hcmin,  ^any  uuclci  are  bunched  about 
lais  from  I)1»hkI-     the  Center  of  the  cell,  and  in  this 

respect  they  difi'er  from  the  giant 
cells  found  in  tuberculosis  foci,  in  which  the  nuclei 
are  found  near  the  periphery.  They  multiply  by 
mitosis,  and  primarily  are  supposed  to  be  derived 
from  leucocytes  by  endogenous  division  of  their 
nuclei.  These  remarkable  cells  have  usually  been  re- 
garded as  the  active  agents  in  bone  absorption,  but 
recently  Wright  has  suggested  that  blood  platelets 
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may  be  derived  from  their  cytoplasm  by  a  process 
of  budding  or  by  particles  merely  breaking  away. 

General  Considerations- — There  is  an  old  saying 
that  "a  person  is  as  old  as  his  blood,"  A  truer  ex- 
pression would  be  that  he  is  as  old  as  his  blood- 
vessels. With  age,  or  dissipation,  the  blood-vessels 
harden,  due  to  depositions  of  connective-tissue  ele- 
ments. This  impairs  the  free  circulation  of  blood  and 
the  body,  as  a  whole,  suffers. 
The  hardened  condition  is 
spoken  of  as  arteriosclerosis, 
or  atheroma.  Usually  the  in- 
tima  suffers  first  by  becoming 
much  thickened.  Later,  a 
like  disturbance  takes  place 
in  the  media  and  advcntitia. 
As  superficial  scars  remain 
permanently,  and  can  not  be 
eliminated,  so  there  is  no  re- 
lief for  this  scar  fonnation  of 
the  blood-vessels.  Under  this 
hardened  condition  a  rupture 
of  the  smaller  arteries  is  not 
uncommon,  particularly  those 
of  the  brain,  as  they  have 
thirmer  walls.  Such  a  disas- 
ter is  apt  to  be  fatal. 

An  inflammation  of  the 
heart,  as  endocarditis,  is  apt  to  produce  a  deposit  of 
connective  tissue  in  the  endocardium,  which  upon 
shrinking  brings  about  defective  valves,  with  leak- 
age of  blood.  This  increases  the  work  of  the  heart, 
and  although  that  organ  in  an  emergency  can  do 
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twenty  times  its  normal  work,  there  is  of  course  a 
limit  to  its  power,  and  broken  compensation  sooner 
or  later  follows. 

The  vasa  vasorum,  that  carry  blood  to  nourish  the 
walls  of  both  arteries  and  veins,  are  very  important 
structures.  The  coronary  vessels  of  the  heart  be- 
long to  this  class  and  their  course  is  quite  definitely 
known.  Our  knowledge  of  the  rest  is  vague.  They 
ramify  through  the  adventitia  and  to  a  less  extent 
^  in  the  media.    If  a 

lantao.      blood  -  clot    forms 
within  the  vessel, 
onw  tdL    loops  f rom  thetvasa 
vasorum  enter  the 
™d<»»w.  p1q(  ajjj  assist  JQ 

its  organization. 

The  endotheUal 
cells  of  the  intima, 
according  to  one 
theory,  are  active 
agents  in  preserv- 
ing the  fluid  con- 
dition of  the  blood; 
that  is.  inhibiting 
coagulation.  If  these  cells  are  injured  a  clot  of 
blood  quickly  forms  upon  the  injured  or  denuded 
surface.  Surgeons  lakf  advantage  of  this  principle 
and  twist  or  crush  the  ends  of  bleeding  vessels  to 
check  a  heniorrhagc. 

The  disiiitcgralioTi  of  red  bluod -corpuscles  is  known 
as  hemolysis,  and  ni;iy  be  produced  by  injecting  into 
the  circulatory  sysleui  lertiiin  poisons,  or  mixing 
extravasalcd     blow!    diicellv    vvilli    these    poisons. 
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Hemolysis  occurs  in  various  diseases  and  is  one  of 
the  chief  changes  observed  in  making  a  Wasser- 
mann  test. 

The  identification  of  blood-stains  is  often  a  medico- 
legal problem.  The  corpuscles  of  the  blood  pre- 
serve their  integrity  for  a  remarkably  long  period  of 
time,  so  that  in  a  water  solution  of  even  an  old  clot. 


Hg   89' 


of  lyn  1 1    n  hIc 


the  red  blood-corpuscles  are  readily  detected  under 
the  microscope.  Hemin  crystals  is  another  evidence 
that  the  stain  is  blood.  To  identify  the  blood  of 
man  is  practically  imixissible.  Non-mammalian 
blood,  as  that  of  a  bird,  can  usually  be  positively 
recognized  by  the  nucleated  red  blood-corpuscles 
and  their  oval  form.  The  practical  value  of  this  in 
criminal  cases  is  apparent. 

LYMPHATIC  SYSTEM.  THYMUS.  AND  SPT-EEN. 
1.  Lymphatic    Capillaries. — The    walls   of  these 
capillaries  consist   of  a  single  layer  of  flattened 
[epithelial  cells  (mesothelial  or  endothelial).     They 
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therefore,  histologically,  resemble  the  blood-capil- 
larics.  They  are  not  so  well  defined  but  represent 
rather  irregular  cavities  with  numerous  constrictions. 
These  capillaries,  according  to  one  theory,  fonn  a 
closed  system  and  open  only  into  the  larger  vessels. 


^■B"# 


Rg.  90. — Fnim  R  human  Ij-niph  gland.  Al  a  art  swn  'He  < 
crntrirally  arrnrisc)  rcHs  of  IhR  lymph  noduk'S  (fixation  with  tU 
ining's  fluid)  (Bcihtn  and  Davidoff). 

Another  theory  is  that  at  their  origin  they  commia 
cate  with  intercellular  spaces. 

2.  Lymphatic  Vessels.  -These  accompany  blw 
vessels  and  have  very  lliin  walls.     Ultimately  tlj^ 
drain  into  the  large  thoracic  lymph  duct  or  the  shw 
right  lymphatic  duct;  each  finally  opens  into  1 
venous  system  at  the  junction  of  the  subclavian  a 
jugular  veins.     The  thoracic  duct  begins  with  t 
reccptaculum  chili,  just  below  the  diaphragm  andfl 
litile  to  the  right  of  the  vertebrae,  passes  upward  tnfl 
the  thorax  to  open  into  the  venous  system  on  thi 
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I  left  side,  as  given  above.    The  histology  of  the  walls 
of  these  vessels  resembles  that  of  the  veins. 

3.  L]nnph  Glands.. — -These  represent  adenoid  tis- 
sue, and  consist  of  (i)  reticular  coniicclive  tissue  and 
(2)  lymph  cells.  Lymph  glands  are  found  throughout 
the  body  in  connection  with  lymph  vessels,  fat  and 
connective  tissue.    They  serve  as  filters  to  the  lymph 


91  —  \  sol  taiy  Ij^nph  nodu  e  from   [he    human    colon      At 
n   ll  c   pmn  unccd  concentric  arrangement  of  the  lymph  cell* 
I  (B  hm  ai»i  Dj   dull) 

and    contribute    white    corpuscles    to    the    blood. 

Structurally,  these  nodes  have  a  connective-tissue 
[  capsule,  that  sends  filaments  into  the  node,  called 
\  trabeculcE.  Within  these  meshes  lymph  cells  are 
f  densely  packed  around  the  periphery  of  secotidary 
f  nodules,  which  in  turn  occupy  the  cortex  of  each 
I  node.  The  center  of  each  nodule  is  known  as  the 
I  germ  center  or  lymph  pulp.  The  periphery  of  each 
■  ■secondary  nodule,  being  densely  packed  with  white 
\  lymph-corpuscles,  takes  a  darker  stain  than  the 
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center.  The  space  occupied  by  these  white  corpus- 
cles is  called  the  lymph  sinus.  The  cells  of  the  sinus 
are  in  circulation  while  those  of  the  germ  center 
remain  stationary. 

Lymph  glands  represent  adenoid  tissue  and  con- 
sist of  two  elements,  (a)  reticular  connective  tissue, 
with  many  elastic  fibers,  and  (h)  lymphoid  cells.  An 
inflammation  of  this  tissue  is  therefore  called  adeni- 
tis. Blood-vessels  and  nerves  ramify  through  this 
tissue.  They  enter  at  one  point  called  the  hilum. 
Lymph  vessels  connect  with  opposite  points  of  the 
nude,  the  efferent  one  passing  out  at  the  hilum.     The 


]/<d.t.. 


(     1)     |1   gl      1(B  I       -til         ] 

ffferent  quickly  unites  with  a  second  node  to  which  it 
licconies  ihc  iilTcn-nt  vesstl.  In  this  \v;iy  the  lymph 
iiodi-s  :irc  uuiud  iiilo  cliains,  nhvajs  ;iiiunii)anying 
blood  vcssL'ls  anil  fiisi'ia, 

Siililiuy  lymph  luxlis  are  found  just  hcnt-ath  the 
fI)ithi-liuTii  of  nuicr)us  nR'nihranes,  particularly  in 
the  aliniontary  tnicl,  Tliey  rcsviuMc  secondary 
nodules  of  lymph  nodes.     In  the  lower  part  of  tlw 


r 
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ileum  they  are  collected  into  patches  called  agmi- 
nakd  lymph  nodules  or  Peycr's  patches. 

Hemolymph  Glands. — These  resemble  the  lymph 
nodes  described  above,  except  that  the  lymph  sinus 
is  filled  with  blood.  When  first  discovered  they  were 
believed  to  be  evidence  of  disease,  but  they  are  now 
looked  upon  as  normal  structures.  They  are  most 
readily  found  in  the  fascia  involving  the  thoracic 
aorta,  and  are  particularly  abundant  in  the  sheep. 


Fig,  93.— Section  o(  loliuir  ut  tliyrmia  hIjdJ. 

THYMUS  GLAND. 
The  thymus  gland  is  described  in  tins  place  be- 
cause of  its  resemblance  in  tlic  adult  to  a  lymph 
organ.  In  the  embryo  it  is  an  epithelial  organ  that 
develops  from  the  hypoderm  of  the  third  and  fourth 
visceral  clefts,  lymphoid  tissue  invades  this  epithe- 
lium and  reaches  its  highest  development  in  a  child 
two  years  old.     After  this  age  the  lymphoid  tissue  ia 


I.30      NORMAL   HISTOLOGY  AND   ORGANOGRAPHY. 


invaded  by  connective  tissue  and  fat,  so  that  at  the 
a^c  of  puberty  only  a  remnant  of  the  original  struc- 
ture remains. 

In  the  child  the  thymus  is  a  paired,  elongated, 
lobulated,  ductless  organ  that  lies  partly  in  the  neck 
and  jmrtly  in  the  thorax  upon  the  large  blood- 
vessels. Structurally  we  recognize  a  capsule  with 
trnbecukc,  pulp  and  the  corpuscles  of  Hassal. 

I.  Capsule  and  Trabecuke. — The  capsule  consists 
of  dense  connective  tissue,  mostly  nonelastic  fibers 
and  cells.  Processes  or  irabeculce  pass  into  the  or- 
gan from  tlie  capsule  and  divide  it  up  into  distinct 
angular  lobules.  Fibers  from  tlie  trabecular  enter 
the  lobules  where  they  interlace  to  form  a  supporting 

reticulum. 

•\  Pulp. — This  consists  of  lymphoid  cells  that  fill 
the  inlersticies  of  each  lobule.  The  cells  are  more 
densely  packed  along  the  i)eriphcry  of  each  lobule, 
Si^  that  an  outer  or  cortical  layer  can  be  distin- 
CUIsIkhI  from  a  central  portion,  the  medulla. 

3.  Corpuscles  of  Hassal. — 
These  are  nests  of  epithelial 
cells  that  lie  in  tlie  medulla 
and  are  remnants  that  show 
the  epithelial  origin  of  the  or- 
gan. They  stain  red  with  co- 
7-  .  .^  .^,.,  eic  nu-    sin  and  are  found  in  no  oilier 

^;^rjran.      It    is   allirmed    tluit 

-  -x-r-u:c<\Uivntimie  to  grow  after  birth  and 

■^  ■   ■"  \-  -"^  :-.  life  when  only  renmants  of  the 


-^  iym^koiJ 
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SPLEEN. 
The  spleen  is  a  blood-forming  organ,  very  vas- 
cular, purple  in  color,  and  with  a  density  slightly 
more  than  that  of  the  liver.  It  varies  greatly  in 
size,  the  average  being  five  inches  long  and  three 
inches  wide.  Its  surfaces  touch  the  left  kidney,  the 
cardiac  end  of  the  stomach,  and  the  left  lower  aspect 
of  the  diaphragm.  Its  long  axis  follows  the  direction 
of  the  tenth  rib.     It  is  practically  covered  by  the 


.-'^ 


;] 


peritoneum.  The  structures  to  be  recognized  are 
capsule  and  irahecuUc,  Malpighian  corpuscles,  and 
spleen  pulp. 

I,  Capsule  and  Trabecular. — The   investing    peri- 
toneum forms  a  serous  coat  with  simple  squamous 
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i-pithcliuni  und  connective-tissue  fibers.  Subjacent 
to  tliis  the  spleen  is  provided  with  a  strong  cap- 
sule consisting  of  elastic  fibers,  connective-tissue 
colls  and  involuntary  muscle.  The  spleen  is  thus 
not  only  distensible  but  may  pulsate.  From  the 
deep  surface  of  the  capsule  processes  or  irabeciUee  of 
connective  tissue  and  smooth  muscle  pass  into  the 
substance  of  the  spleen.  From  the  trabecule  finer 
branches  pass  to  form  a  fine  supporting  fabric  for 
the  whole  organ. 


tg   9   — 


f  il. 


.'.  Miilf^inliiiiu  Corpuscles. — Thescarelyni])lipock- 
is  ill  Ihr  iidvintitia  of  the  siiuiller  arteries.  The 
■^v^\  i;»u'lv  passes  throuj;Ii  the  center  of  the  cor- 
i'aV  I'ut  \i-.imllvecceiUric  toor  onesideof  il.    The 

■,  ,.^y  |«(ivx-|e  is  liberally  supplied  with  blood. 

»  1,1,  V  '\.>      This  constitutes  the  bulk  of  the 
.V,..    ...1  -It.  i\w  ".piiiTS  between  the  trabcculx. 

..,  „.  ,,i  ^\>n«»M'Ii's  of  the  blood  are  present 

,,,,    ...| I  ,. SI. *(K  *.//.»■ .     The  latter  arc  slightly 
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larger  than  white  blood-corpuscles,  are  mononu- 
cleated  and  contain  pigment  and  frequently  red 
blood-corpuscles. 

Blood  Supply. — The  splenic  arter\-  enters  the  hilum 
and  its  branches  follow  the  trabecula'.  Ultimately 
the  smaller  branches  enter  the  spleen  pulp.  Hcj'ond 
the  Malpighian  bodies  the  smaller  arteries  end  in 
minute  dilatations  known  afi  the  ampullar  oj  Thoma. 
Beyond  these  the  blood  flows  directly  into  the  meslies 


iTijJrf 


F'K-  97- — From  the  human  spl^n  '<  iifii.-i':-  i.\-i  iin  ■h'A,  Mtibin  ai.-l 

of  the  spleen  pulp  with  no  other  wiilli  ihaii  1li<-  -.jilfiii 
cells.  The  veins  fx-gin  in  tlii-  siun:  w.-iy  .r,  ilir 
arteries  end.  The  capillary  vijn-,  jjjjv-,  dir'-'ily  to 
the  trabecula;  and  ulliniatcly  uuih-  :il  ili'-  lutu .  to 
form  the  splenic  vein  ivlijcli  (lr:iiir>  into  tlp>'  j^irt:.! 

General  Considerations.  TIj'-  iuvH'.ioij  ol  \>:i'  ■■  rri 
into  the  system  is  cliiitiy  alou;;  ili-  l/uj|iliiiti.  ■„ 
Each  lymph  node  U-c-oiu'-,  :i  j*<,iiit  of  h  -.i.Ixjn"-,  ;iii'l 
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usually  enlarges  many  times  the  normal  size,  far  in 
advance  of  the  seat  of  infection.  This  is  due  to  the 
absorption  of  the  toxins.  Thus  the  lymph  nodes  in 
the  groin  enlarge  from  an  infection  in  the  toe,  those 
in  the  axilla  from  an  infected  finger,  and  those  of  the 
neck  from  a  bad  tooth.  If  these  barriers  break  down 
the  infection  l)ecomes  systemic,  a  condition  known  in 
a  general  way  as  blood-poisoning. 


Fig.  i).S.— ni-igram     f  I  I  ule  ot  the  sil  en  (-Mali). 


The  function  of  the  thymus  y'and  is  not  known. 
Since  its  structure  reseniblcs  the  tissue  of  a  lymph 
node  it  is  reasonable  to  suppose  that  it  has  a  like 
function.  Recently  structural  changes  have  Ix-en 
observed  in  this  organ  in  epile])lics,  but  whether 
these  clianges  are  a  cause  or  a  coiise<iuence  of  the  dis- 
ease is  not  known. 

The   lymplioid   tissue   of   the   spleen    no   doubt 


CIRCULATORY  SYSTEM.  135 

contributes  to  the  supply  of  white  blood-corpuscles. 
The  broken-down  red  corpuscles  found  in  this  organ 
have  led  to  the  further  idea  that  the  spleen  is  a 
graveyard  for  the  worn-out  red  corpuscles  of  the 
blood.  leucocytes  are  supposed  to  feed  upon  this 
detritus  and  then  migrate  to  the  liver,  wliere  it  is 
elaborated  into  the  bile  pigment  of  that  organ. 

Anything  that  causes  an  enlargement  of  the  lymph 
nodes  usually  causes  an  enlargement  of  the  spleen. 
Like  these  nodes  the  spleen  is  capable  of  enormous 
distention,  due  to  the  abundance  of  elastic  con- 
nective-tissue fibers.  This  is  particularly  so  in 
typhoid  fever,  where  the  spleen  has  been  known  to 
weigh  fifteen  or  twenty  pounds. 

On  account  of  the  rich  blood  supply  an  injury  to 
the  spleen  causes  severe  hemorrhage,  which  the 
pulpy  condition  of  the  organ  renders  difficult  to 
check,  as  a  suture  usually  does  not  hold.  In  sucli 
accidents  the  whole  spleen  has  been  removed  with- 
out fatal  results.  Extirpation  of  the  spleen  is  also 
justified  in  certain  diseases  of  that  organ. 


CHAPTER  IV. 
DIGESTIVE  SYSTEM. 

The  digestive  system  consists  of  alimentary  canal 
and  accessory  digestive  glands. 

The  Alimentary  Canal. — This  is  a  muscular  tube 
extending  through  the  body  and  measures  about 
thirty  feet  in  length.     The  following  parts  will  be 
described : 
I.  Mouth 
II.  Pharynx. 

III.  Esophagus. 

IV.  Stoma<^h. 

V.  Small  Intestine. 

1.  Duodenum. 

2.  Jejunum. 

3.  Ileum. 

IV.  Large  Intestine. 

1.  Vermiform  Appendix. 

2.  Cecum. 

3.  Colon. 

(a)  Ascending. 
(/))  Transverse, 
(r)  Descending. 
(d)  Sigmoid  Flexure. 

4.  Rectum. 

THE  MOUTH. 
The  mouth  is  limited  by  the  Hps  in  front,  and  the 
cheeks  laterally.     The  arched  palate  forms  its  roof 

13'^ 
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and  the  tongue  is  attached  to  the  movable  floor, 
while  posteriorly  it  opens  into  the  pharynx  through 
the  isthmus  or  fauces.  This  cavity  is  lined  by  a  con- 
tinuous mucous  membrane,  consisting  of  stratified 
.  mucous  epithelium  placed  on  a  tunica  propria.     In 


Fig.  99- -Human  cml,r>.-.'-    ■    i    .    ■ -lu  .lays  (His):   1-V. 

rMn-vesiclra: /',/',  /',  /',  rcplialii ,  i  irvn  ^il,  i1<it;.il.  iind  lumhar  fleirurw; 
,  Mic  vcaiclc;  ol,  olfactory  nil;   tHX,  mBniUary  process;  A',  h',  heart; 
['^J,  ^',  Kmfasi  III!,  allantoic  stalk;  ch,  villous  chorion. 

f  the  submucosa  is  found  connective-tissue  elements 

in  which  the  elastic  fibers  predominate;  also  con- 

I  nectivt'-l issue    cells,    mucous    and    serous    glands, 

[  nerves,  and  nerve  endings,  blood-  and  lyuiph- vessels. 
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The  mucous  membrane  is  continuous  with  the  skin 
at  the  outer  border  of  the  lips.  At  this  border  the 
horny  layer  of  skin  begins,  otherwise  the  skin  and 
this  mucous  membrane  are  similar  structures. 

Morphologically,  the  mouth  cavity  is  to  be  re- 
garded as  a  part  of  the  outside  surface  of  the  body, 
which,  embryologically,  has  been  included  by  the 
development  of  neighboring  parts.  At  the  time  the 
neural  folds  are  closing  dorsally  to  form  the  brain  and 
cord  there  develops  a  series  of  paired,  ventral, 
facial  pits.  These,  enumerated  from  before  back- 
wards, are:  the  lens  of  the  eye,  the  nasal  pit,  the 
mouth,  and  gill  clefts.  The  tissue  between  the  latter 
are  called  visceral  arches ,  while  that  one  between  the 
anterior  gill  cleft  and  the  mouth  cavity  is  the  wan- 
dibular  arch.  The  latter  is  morphologically  analogous 
to  the  visceral  arches.  In  man  the  gill  clefts  all 
finally  close  permanently,  but  the  ectodermal  em- 
bryonic mouth  cavity  ultimately  unites  with  the 
embryonic  foregut,  thus  forming  the  fauces  which 
lead  to  the  pharynx.  This  final  perforation  be- 
tween the  mouth  cavity  and  the  foregut  is  paired,  in 
lower  forms,  which  with  other  cmbrvonic  relations 
confirms  the  view  that  the  mouth  cavity  morpho- 
logically represents  a  median  fusion  of  two  gill  clefts. 

During  this  period  of  development  the  forebrain 
grows  ventrally  and  the  mandibular  arch  grows  in  the 
same  direction.  The  space  between  these  structures 
is  the  Ix'ginning  of  the  mouth  and  the  nose,  and  is 
called  the  stomodeum.  At  this  time  a  rounded  eleva- 
tion, from  the  base  of  the  mandihuhir  arch,  grows  for- 
ward along  the  base  of  the  forebrain.     This  growth 
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,  forms  part  of  the  maxillary  arcli,  and  finally  most  of 
the  upper  jaw.     In  this  maimer  the  stomodeum 


L  ^ys;    C,  embryii  .if  abiiut  ilie  cighlh  wtck;    D,  embryo 


Rbecomes  divided  into  an  olfactory  region  and  the 
f  mouth  cavity  proper.     The  stomodeum  at  this  stage 
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is  a  deep  pentagonal  cavity.  Its  lower  boundary  is 
formed  by  the  mandibular  arch,  while  laterally  are 
to  be  found  the  maxillary  processes  of  each  side. 
Its  upper  boundary  is  formed  by  an  unpaired  growth 
called  the  nasofrontal  or  nasal  process  (Fig.  lOo.) 
Situated  on  each  side  of  the  nasal  process  are  the 
nasal  pits.  Each  pit  divides  the  nasofrontal  process 
into  a  lateral  external  portion  called  the  lateral 
frontal  protuberance,  which  forms  the  outer  boundary 


of  each  nasal  pit,  and  a  median  or  central  portion 
called  the  t/lobular  protuberance,  which  constitutes 
the  inner  boundary  of  each  pit.  The  two  hitcral  or 
side  protuberances  grow  around  the  olfactory  pits 
and  form  the  alse  of  the  iiosc,  while  the  two  central 
portions  develop  into  the  iiitertnaxillary  bone  con- 
taining the  incisor  teeth  and  the  center  of  the  lip. 
By  studying  the  text  fij^iiris  a  correct  idea  of  these 
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relations  is  readily  obtained.  It  will  be  seen  that 
the  line  of  contact  between  each  lateral  protuberance 
and  maxillary  process  forms  a  firoovc,  the  naso-optic 
furrow  or  lacrimal  groove,  which  hiter  closes  to  form 
the  lacrimal  canal.  The  line  of  contact  between 
each  globular  protuberance  and  the  maxillary  pro- 
cess is  less  close,  and  places  each  nasal  pit  in  wide 
communication  with  the  mouth.  A  failure  of  union 
in  the  latter  case  causes  the  deformity  of  harelip, 


which    may    be    double    or    single,    depending   on 
whether  both  or  only  one  side  is  involved. 

About  the  fortieth  day,  in  the  human  embryo,  the 

maxillary  processes  have  grown  so  far  toward  the 

median  plane  that  they  have  met  and  united  with 

'  the  lateral  and  also  the  median  protuberances  of  the 

nasofrontal  process.     The  nasal  pits  are  thus  sepa- 

[  rated  externally  from  the  oral  fossa.     With  this 

I  union  the  arch  of  the  upper  jaw  is  complete,  but  the 
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inclosed  space  is  in  one  chamber,  there  being  no 
separation  between  the  mouth  and  nose  cavities. 
The  formation  of  a  palate,  however,  effects  a  separa- 
tion between  the  two.  The  rudiments  of  the  palate 
appear  as  shelf-like  projections  from  the  inner  or 
oral  surface  of  the  upper  jaw.  A  triangular  piece 
grows  backward  from  the  globular  protuberance  of 
the  nasofrontal  process,  which  ultimately  unites 
with  horizontal  or  palatal  plates  from  the  maxillary 
arch.  In  the  eighth  week  of  embryonic  life,  union  of 
the  palatal  plates  begins  at  their  anterior  extremi- 
ties and  proceeds  backward.  A  deficiency  in  the 
union  constitutes  the  deformity  of  cleft  palate. 
Cleft  palate  is  therefore,  embryologically,  a  later 
development  than  harelip.  Either  may  occur  with- 
out the  other,  but  they  are  usually  found  together. 
The  cleft  of  the  palate  usually  turns  to  one  side, 
passing  out  between  the  cuspid  and  lateral  incisor 
teeth.  A  double  cleft  palate  is  Y-shaped,  the 
center  piece  in  front  containing  the  incisors,  and 
representing  the  anterior  triangular  piece  of  the 
rudimentary  palate,  this  piece  having  failed  to  unite 
with  the  lateral  palatine  plates.  This  deficiency 
may  involve  the  hard  or  the  soft  palate,  or  it  may 
affect  both,  and  even  produce  a  cleft  or  bifid  uvula. 

The  completion  of  the  palate  definitely  separates 
the  nasal  chambers  from  the  mouth,  the  only  com- 
munication between  the  two  hein.ic^  through  the 
posterior  nares.  The  permanent  limitations  of  the 
mouth  are  thus  established  from  a  cavity  that 
develops  primarily  as  an  ectodermal  invat^ination. 
The  ectoderm  invests  not  only  the  mouth  proper, 
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but  clothes  at  least  the  anterior  portion  of  the  adult 
pharynx.     The  tongue,  however,  is  invested  with  en- 
toderm epithelium  and 
,.so  are  the  Ivustachian 
tubes. 

TEETH. 

Morphologically, 
teeth  are  appendages 
of  the  skin,  and  are  to 
be  compared  with  such 
structures  as  hair  and 
nails.  They  are  thus 
a  part  of  the  exoskel- 
eton  and  their  relation 
to  the  bones  or  the  en- 
doskeleton  is  entirely 
a  secondary  process, 
for  the  purpose  of 
strength  and  support. 
In  many  of  the  fishes  . 
the  mouth  generally 
is  lined  by  simple  c 
shaped  tcctli  that  serve 
the  purpose  of  seizing 
and  holding  the  ani- 
imal's  prey.  In  man 
the  additional  function  of  masticating  the  food  has 

■eatly  modified  the  form  and  structure  of  teeth. 

Dentition. — Tlicre  are  twenty  deciduous  or  tem- 
•ary  teeth  that  erupt  between  the  ages  of  six 

icnths  and  two  and  one-half  years.     In  each  jaw 

lese  are, — incisors  4,  cuspids  2,  molars  4,  the  dental 


,  :o3. — The  palate  and  aupc- 
cnlal  arch  (right  side):  i,  Me- 
intison;  j,  lalcral   incisois;  3, 


molar;  8,  wisdom-tooth;  ,. 
membrane  of  the  hard  palate  con- 
tinuous behind  with  thai  of  the  soft 
palate;  10,  the  Bnteroposlerior raphe 
□F palate;  it,  pilsnn  each  side  of  the 
raphe  perforated  with  the  orifices  of 
'inds;  II,  nntcrior  rugosities  of  the 
utom  membrane  {after  Testut). 
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formula  for  one  side  being, — I.f  C.|  M.J  =  10.    The 
second  set,  or  permanent  teeth,  number  thirty-two 


Fig.  104. —  Si  htnip 
Icmth.  In  thf  cimmrl 
Davidotl}. 


PLATE  II. 

DlSSKCTEI)    SkULIS    SHOWING    THE     UEVELOPyENT    OF   THE    TeETH 

I .  Skull  ut  nine  months,  ctrntral  incisors  just  erupted,  laterals  not  yet 
through  the  gum.  The  nxit  of  the  central  about  half  formed.  The 
lower  hrst  and  second  temporary  mohirs  seen  in  their  crypts.     The  aypt 


_>.  Skull  at  one  year.  Two  incisors  in  each  jaw  are  erupted.  The 
first  molars  are  just  starling.  Notice  the  formalin  )n  of  the  nx>t  of  the 
lower  temi)orary  molar*  jusl  beginning.  Also  notice  the  first  permanent 
molar  in  ils  crypt  with  half  of  the  cn>wn  formed. 

^  Skull  in  the  secon<l  year.  The  tem^jorary  first  molar  and  cuspid 
partly  erupted.  Notice  the  devflonment  of  their  nM>ts.  Notice  the  per- 
manent »  us[>id  above  and  ine  first  molar  below  in  their  crj-pts. 

4.  Skull  in  fourth  year.  Complete  temiM>rary  dentition.  Notice 
the  upper  <  entral,  lateral  cuspid  and  bicuspid  in  their  crypts;  the 
liiwer  iniis(»rs,  ( uspid,  first  bi<uspicl,  and  first  perni;»ru-nt  molar. 

^.  ^kull  in  sixth  year.  Complete  ten>iM>niry  dentition  with  the 
Ui>l  iKTTTMm-rit  molar  in  phn  «•.  The  lower  <«nlr.il  iiuiv>rs  have  ju>t 
U-rti  Inst  .iMil  ilii-  permanent  <nusari-  juM  mminmhrough  the  gum.  The 
«iiN|ii«U.  hi,  u^pids  and  s<*t<intl  nu»lar  are  seen  in  their  « r\pt>. 

'•-   Thi'  left  side  of  the  s,inu'  skull  as  No.  5.      N'otjje  the  extent  to 


tion  of  the 


^^^li^  h  ilii-  pHif^  of  the  first  permanj-nl  nu»lar  ;in'  develoiKtl. 

7     Kront  view  of  the  s;ime  >kull  as  Ni».  <».     Nolite  the  |H)^i 
irii  i'-<ir"«  :iiiil  <  u>pids  in  their  1  rypts. 

S  >kuil  in  seventh  year  The  toothless  a^e.  CpjK'r  im  isor>  lo.st 
:m\*\  l\\r  priri..ineiit  ones  ni»t  erupted.  ()n«-  lower  imi^orin  |)Ia«  e.  I'irst 
j"  iiriarn-nt  ii.i.l.ir  in  pl.u  i-,  but  the  riwits  noi  fulK  funneil.      Cr-iwri  of  the 


I  "   I  lll.tlll'lll     II. I  Mill     111    I  I 

-i.-iri!  ;■<-;  !-..iiii-irl  mol.ir  M-r-n  In  it^  ■  rvpt 


PLATE  III. 

DissKCTED  Skulls  Showlng  the  Dkvelopment  of  the  Teeth — 

Continued  (\oyes). 

().  Skull  in  licvcnlh  year.  The  incist)rs  arc  in  (iosition,  but  the  tcm- 
|M)rary  molars  and  tuspids  arc  still  in  [K>sition.  The  second  })crmanent 
molar  is  through  the  lK)ne  Ijut  not  through  the  gum. 

10.  The  left  .^irle  of  the  same  skull.  On  this  side  the  lower  tem- 
j)<.»rary  cuspid  and  first  molar  have  been  lost.  Note  the  position  of  the 
upper  cu.spi(l  in  thcM*  juctures  and  the  distance  the  root  extends  toward 
the  orbit.     The  lateral  on  the  left  side  i>  not  of  tyj)ical  form,  but  is  :i 

*peg  tooth." 

11.  Skull  in  the  thirteenth  year.  The  lower  .second  molar  the  only 
remaining  temporary  tooth.  The  .second  permanent  molar  is  in  place 
but  the  r«K)is  are  uni  fully  develoj u-d.  The  crypt  for  the  third  molar 
(wisdom  looih)  i>  .-^ei-ii. 

i_>.  Skull  of  yi.un^  ;nlull.  Thi*  Upper  centrals  are  broken.  The 
sr(«>nd  molar-  a:«-  liiMy  (UvrJop«'«l  und  tin-  third  molai  >hows  the  i  njwn 
fully  ft»niuM|  ill  i\u-  iry])t. 

i,^  Skull  «■!  .liluli.  '[']]']<  -hows  the  full  peniianent  denlilion  and 
the  Tm>\s  of  tin-  it-rtii. 

14.   Kdeiiiuluu     j.iw        \iiiiir  ilir  pi)->iiii'ii  <■!   tin-  inc-ntiil  foramen. 


DIGESTIVE    SYSTEM.  147 

and  in  each  jaw  are  divided  into, — incisors  4,  cus- 
pids 2,  bicuspids  4,  molars.  6.  the  dental  formula  for 
one  side  being,— I.?  C.j  B.if  M.^  =i6. 

Structure  of  Teeth.— ^The  parts  of  a  tooth  are 
crown,  neck,  roots  and  pulp.  Its  calcareous  wall 
consists  of  enamel,  dentin,  and  cemcntuin. 

Enamel. — ^The  enamel  is  the  hardest  tissue  in  the 
body  and  covers  the  exposed  portion,  or  crown,  of 
the  teeth.  Its  function  is  to  mechanically  protect 
the  tooth.  This  enamel  is  derived  from  the  ecto- 
derm, while  all  bone  tissues  are  products  of  the 
mesoderm.  Bone,  if  injured,  may  regenerate  and 
repair  the  defect.  Knamel  docs  not  regenerate  if 
injured,  the  defect  Ijcing  permanent,  as  the  formative 
enamel  tissue  disappears  lx.-fore  the  eruption  of  the 
tooth.  Chemically,  it  is  coniposc<l  of  phosphates 
and  carbonates  of  calcium  and  magnesium,  a  small 
amount  of  fluorides,  water,  and  perhaps  a  very  small 
amount  of  organic  material.  In  consequence  of  the 
latter,  enamel,  unlike  bone,  is  soluble  in  acids, 
leaving  scarcely  any  residue. 

Enamel  is  composed  of  two  structural  elements, — 
(a)  enamel  rods  or  prisms  (also  called  fibers),  and  (A) 
inlerprismatic  or  cimeiti  suhstunce,  both  of  which  arc 
calcified.  These  elements  have  different  i>rnpertics. 
both  chemical  and  physical.  The  intorprisnmlic 
substance  is  more  readily  acted  upon  by  acids,  and 
it  is  therefore  possible  to  etch  enamel  sections  and 
produce  a  disassociation  of  the  enamel  rods.  The 
interprismatic  substance  is  not  so  strong  as  the  rods, 
and  in  splitting  or  breaking  the  enamel  the  tissue 
usually  separates  along  the  cement  lines;  that  is. 
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#?:*J*r.'^:^ 


these  lines  form  paths  of  least  resistance,  a  fact  taken 
advantage  of  in  operative  dentistry. 

According  to  Noyes  (** Dental  Histology"),. "the 
enamel  rods,  or  prisms,  are  long,  slender  prismatic 
rods  or  fibers,  five-  or  six-sided,  pointed  at  both  ends, 
and  alternately  expanded  and  constricted  through- 
out their  length.  They  are  from  3.4  to  4.5  microns 
in  diameter,  some  of  them  apparently  reaching  the 
entire  distance  from  the  surface  of  the  dentin  to  the 
surface  of  the  enamel,  but,  as  the  diameter  of  the 
rods  is  the  same  at  their  outer  and  inner  ends,  and 

as  the  crown  surface  is 
much  greater  than  the 
surface  of  dentin  cov- 
ered by  enamel,  there 
are  many  rods  that  do 
not  extend  through 
the  entire  thickness. 
These  short  rods  end 
ill  tapering  points  be- 
tween the  converging 
rods,  which  extend  the  entire  distance.  To  ex- 
press this  in  terms  of  development,  as  the  forma- 
tion of  enamel  lK»gins  at  the  surface  of  the  dentin, 
the  increasing  area  of  crown  surface  recjuires  more 
ameloblasts,  and  as  new  aineloblasts  take  their 
places  in  the  layer  the  formation  of  new  enamel  rods 
begins  lx?tween  the  rods  which  were  previously 
forming.  These  short  rods  are  most  numerous  over 
the  marginal  ridges  and  the  points  of  the  cusps/* 

The  rods  are  not  jx^fectly  smooth  and  even,  but 
show    alternately    expansions    and    constrictions. 


a 

Fig.  105. — (I,  Ivnanirl  n.>Hs  in  cn)ss 
section;  6,  Knamel  rcxis,  longitudinal 
view. 


H^^^H~^I 

^■^They  are 
H       rods  lie  c 
^1       do  not  in' 
^M      substancf 
H           Sectioi: 
^M      dark  and 
^B      enamel,  v 
^M      refractinj 
^M      substanci 
^M      tissue  pt 
^B      more  dis 

^1      bands  be| 
^M      around  ii 
^M      obliquely 
^H      of  the  crc 
^H      of  the  en 
^1      of  the  bt 
^H     lime  salts 
^H         Accord 
^H     is  the  rec< 
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SO  arranged  tliat  the  expansion  of  adjacent   ^^H 
ppposite  each  other;  that  is,  the  expansions    ^^H 
terlock  with  the  constrictions.     The  cement   ^^| 
;,  therefore,  has  a  reciprocal  arrangement.   ^^H 
IS  ground  parallel  to  the  rods  show,  therefore,   ^^^H 
light  lines,  described  as  the  strialions  of  the  ^^H 
/hich  are  caused  by  the  difference  in  the  ^^H 
r  power  of  the  prismatic  and  interprismatic  ^^H 
?s-     In  a  ground  section  across  the  rods,  the  ^^^H 
esents  a  mosaic  pattern,  which  becomes  ^^H 
tinct  if  treated  with  acid.                                ^^H 

g.   106.— Transverse  section         enamel  (Noye^^^^^^^^^^H 

0/    Relzius. — These  lines  or  stratifirati^^^^^ 
3;in  at  the  tip  of  the  dentin  cusps  and  sweep            1 
ri  larger  and  larger  zones.     They  thus  pass     ^^B 
through  the  enamel  and  record  the  growth   ^^H 
)wn,  as  each  line  was  at  one  time  the  surface   ^^H 
lamel.     They  are  to  be  regarded  as  traces   ^^H 
rata  caused  by  the  periodic  deposition  of    ^^H 

ing  to  Noyes,  "the  appearance  of  striation     ^^J 
urd  in  the  fully  formed  tissue  of  the  manner   ^^H 
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of  growth,  each  dark  stripe  or  expansion  in  i 
representing  a  globule  of  calcified  material. 
anieloblasts  build  up  the  rods  by  the  addition  of 
globule  after  jjlobule,  surrounding  them  with  a 
cementing  substance  and  completing  the  calcifi- 
cation of  both.  In  this  sense  the  striation  of  the 
nicl  may  be  said  to  record  the  growth  of  the  in- 
dividual rods." 

Direction  of  the  En- 
•imel  Rods. — Upon  the 
,./  axial  surface  the  rods 
are  usually  straight 
and  parallel  with  each 
other,  but  upon  the  oc- 
clusal surface  they 
change  their  direction 
by  a  series  of  sym- 
metrical curves,  and 
often  become  much 
twisted  and  wound 
around  each  other,  par- 
ticularly the  inner 
li."  ends.  In  operative 
dentistry  it  is  found 
that  the  enamel  upon  the  axial  surface  cleaves 
readily  while  the  gnarled  portion  upon  the  occlusal 
surface  tends  to  break  away  in  chunks. 

Fig.  no  shows  the  general  plan  of  the  arrange- 
ment of  the  enamel  rods  in  the  formation  of  the 
crown.  In  the  gingival  half  of  the  middle  third  the 
rods  are  horizontal.  Their  inclination,  from  this 
horizontal  direction,  gradually  increases  toward  the 


Fig.  lo;,  -Tip  of 
thowmg  linP5  o(  ^traiil 
rnanifl  (Noyc?). 
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root  and  toward  the  occlusal  surface,  so  that  at  the 
apices  of  the  latter  surface  the  rods  are  placed 
vertical  to  a  horizontal  plane.  Because  of  this  plan 
Noyes  divides  all  cavities,  in  dental  work,  into  two 
classes : 

"  i.^ — Those  in  which  the  enamel  rods  are  inrj 


clined  toward  the  cavity,  characteristic  of  the  oc- 
clusal surfaces. 

"  2. — Those  in  which  the  enamel  rods  are  inclined 
away  from  the  cavity,  characteristic  of  axial  sur- 
faces" (Fig.  1 11). 

In  preparing  cavities  on  the  axial  surfaces  the 
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lateral  walls  should  be  beveled,  as  shown  in  the  alxjve 
figure.  The  historic  requirements  for  strength  in 
enamel  walls  are: 

1.  The   enamel  must  be  supported  upon  sound 
dentin, 

2.  The  rods  which  form  the  cavo-surface  angle 
must  run  uninterruptedly  to  the  dentin. 

3.  They  must  be  supported  by  short  rods,  with 


Fig.  11 

their  inner  ends  : 
outer  ends  abuttiu] 
will  be  covered  by 

4.  That  the  cavo-surfacc  angle  be  cut  in  such  a 
way  as  not  to  expose  the  ends  of  the  rods  to  fracture 
in  condensing  the  filling  material  aj;ainst  them. 

"The  first  step  in  the  preparation  of  an  enamel 
wall  is  to  determine  the  direction  of  the  enamel  rods 
by  cleavage  with  a  chisel  or  hatchet.     Then  the  wall 
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must  be  smoothed  or  trimmed  by  a  shaving  motion 
of  the  chisel,  increasing  the  inclination  of  the  wall 
slightly.  This  is  done  so  as  to  be  sure  and  reach  the 
rod  directions  and  remove  the  portions  of  the  tissue 
that  has  been  splintered  by  the  cleavage.  Then  the 
cavo-surface  may  or  may  not  be  trimmed,  as  the 
position  demands"  (Fig.  iir,  Noyes). 


Fig.  1 


Grooves,  fissures,  pits  and  developmental  lines 
aic  points  of  weakness  and  in  operative  work  cavi- 
ties must  be  excavated  so  as  to  establish  a  strong 
margin,  histologically,  against  which  to  pack  the 
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filling.  The  arrangement  of  the  enamel  rods  must 
therefore  be  constantly  borne  in  mind  in  the  opera- 
tive repair  of  teeth. 

Dentin.- — The  dentin  is  the  second  layer  of  teeth, 
and  not  only  makes  up  the  mass  of  a  tooth  but  de- 
termines its  form;  that  is,  the  number  of  cusps  and 
roots  is  moulded  by  the  developmental  process  of  the 
dentin.  Its  histologic  form  has  much  to  do  with  the 
penetration  of  caries. 

Dentin,  like  bone,  develops  from  the  mesoderm, 
and  consists  of  an  organic,  formative  matrix  impreg- 
nated with  about  72  per  cent,  of  inorganic  salts.  On 
boiling  it  yields  gelatin.  Minute  canals  of  dentinal 
tubules  radiate  from  the  central  cavity  of  the  tooth, 
which  contains  the  formative  organ  or  pulp.  These 
tubules  are  from  1.1  to  2.3  microns  in  diameter  and 
are  separated  from  each  other-by  a  dentinal  matrix  of 
about  10  microns  in  diameter.  In  the  crown  the 
tubules  branch  but  little,  excepting  close  to  the  en- 
amel where  they  anastomose  freely.  In  the  crown 
they  radiate  in  sweeping  curves  so  as  to  open  at 
right  angles  on  the  dentinal  surface.  This  produces 
"s"  or  "f'-shaped  curves  known  as  primary  curves. 
They  also  present  many  wavy  curves  known  as 
secondary  curves,  which  is  really  the  result  of  an  open 
spiral  course  taken  by  the  tubules.  In  the  body  of 
the  dentin  a  few  small  branches  are  given  off  at 
acute  angles,  but  near  the  enamel  junction  the  tu- 
bules fork  and  branch  freely,  forming  an  anasto- 
mosis that  facilitates  in  the  spreading  of  caries  just 
beneath  the  enamel,  the  micro-organisms  diffusing 
sideways  and  then  penetrating  the  dentin  in  the 
[direction  of  the  tubes. 
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In  the  root  the  tubules  radiate  directly  to  the  ce- 
mentum,  showing  only  the  primary  curves.  Many 
line  branches  pass  in  all  directions  from  tubule  to 
tubule-  Tiie  dentin  next  to  the  cementimi  contains 
many  small  irregular  spaces  that  connect  with  the 
dentinal  tubules.  They  present  a  jp'anular  ap- 
pearance in  ground  sections,  and  are  therefore 
called  the  granuUir  layer  of  Tomes.  These  spaces  are 
filled  by  the  enlarged  ends  of  the  dentinal  fibrils, 
which  arc  cell  processes  of  the 
ty  odontoblasts,  while  the  fibrils 
also  fill  the  dentinal  tubules. 
I'lii  layer  of  Tomes  may  some- 
liiius  be  found  beneath  the 
I  ii:niicl,  but  is  never  well 
Hi  irki'd. 

i'!n'  dento-cnamel  junction 
]>)■  --iiils  rounded  projections. 
I  liii  scalloped  appearance  has 
,Li\iii  rise  to  the  view  that 
certain  dentinal  tubules  pass 
for  a  short  distance  into  the 
enamel.  In  ground  sections, 
irregularly  branched  dentinal 
spaces  are  often  found  at  a  uniform  depth  from  the 
surface.  These  arc  the  i»trr,jlobuIar  spaces  of  Czer- 
mak  and  represent  areas  of  intperfeclly  developed 
dentin.  Lastly,  the  sheaths  oj  Neumann  represent 
the  inner  wall  of  the  dentinal  tubules,  and  may  l>e 
regarded  as  differentiated  and  more  resistant  ground 
substance. 

The  formation  of  dentin  cnruinnes  for  an  indef- 


DIGESTIVE   SYSTEM. 


157 


inite  period  after  the  eruption  ofatoctli,  Theproc- 
ess  is  one  of  apposition,  thickening  the  dentin  at  the 
expense  of  the  pulp.  Finally  this  growth  ecases. 
Irritation  of  the  pulp,  or  the  pulp  of  some  tooth  on 
the  same  side,  may  lead  to  the  formation  of  iccond- 
ary  dentin.  The  latter  is  an  imperfect  structure. 
The  tubules  are  smaller  and  less  numerous,  while  the 
matrix  is  less  compact  and  shows  a  deficiency  of 


(N..>«), 


inorganic     sails.     Several     deposits     of     secondary 
dentin  may  thus  be  produced. 

The  Pulp. — The  pulp  occupies  the  center  of  the 
tooth.  It  consists  of  connective-tissue  cells,  con- 
nective-tissue fibrils,  a  semifluid  interfibrillar  ground 
substance,  nerve  plexus  largely  non-medullated, 
blood  and  lymph  vessels.  We  may  recognize  three 
kinds  or  layers  of  cells,  the  most  important  being  the 
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odontoblasts,  forming  the  outer  surface  of  the  pulp 
next  to  the  dentin. 

I.  The  odontoblasts  form  a  continuous  layer  over 
the  entire  pulp  surface,  being  everywhere  in  contact 
with  the  dentin.     This  layer  has  been  called  the 


Fig.  ii6. —  A  [lorliiiii  <i(  a  cross  serlion  itimugh  a  devploping  tootb 
(Bohm  ami  DaviilofT).     The  drnlin  is  tormcd.  bul  has  hetomc  homo- 
gpncnus  Itom  calriGcation.     Bleu  dc  Lyon  diffprcnlialcs  it  into  lones    ■ 
[_a  and  h).     At  c  h  seen  the  inlimale  n^lati'mship  uf  the  DdonloblastS 
to  the  tissue  of  the  dcnta.1  pulp. 

membrane  eboHs  or  the  "membrane  of  ivory."  The 
odontoblasts  are  mesoderm  cells,  columnar,  some- 
times club-shaped,  with  basal  nuclei  and  three 
kinds  of  processes,  (i)  Each  cell  has  one  to  three 
long,  slender,  protoplasmic  processes  projecting  into 
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the  dentinal  tubules,  and  extending  through  the 
tubule  to  the  outer  surface  of  the  dentin,  where  they 
completely  fill  the  granular  spaces  already  described 
as  the  granular  layer  of  Tomes.  It  is  generally 
believed  that  these  processes  may  transmit  im- 
pressions to  the  sensory  ner\Ts  of  the  pulp.  (2) 
Each  odontoblast  shows  lateral  processes,  minute 
but  blunt,  that  interlock  with  like  processes  from 
adjacent  cells.  {3)  Usually  a  single  process  pro- 
jects from  the  basal  end  into  the  pulp. 

The  odontoblasts  are  dent  in-forming  cells  and 
superintend  the  formation  and  calcification  of 
primary  and  secondary  dentin. 

2.  The  layer  of  Weil  represents  a  layer  of  connec- 
tive-tissue cells  forming  a  thin  zone  just  beneath  the 
odontoblasts.  In  thin  sections  this  appears  as  a 
thin  layer  about  half  as  thick  as  that  of  the  odonto- 
blasts. 

3.  Underneath  the  layer  of  Weil  the  connective- 
tissue  cells  are  numerous  and  closely  packed.  To- 
ward the  center  of  the  pulp  they  become  loosely  but 
uniformly  scattered.  The  cells  are  small,  have  a 
single  deep-staining  nucleus,  and  the  cytoplasm 
stretching  out  into  slender  processes  in  many  direc- 

,  tions,  forming  stellate  cells;  or  in  two  directions  to 
form  spindle  cells. 

The  connective-tissue  fibrils  of  the  pulp  are  similar 
to  those  of  white  fibrous  connective  tissue,  sometimes 
resembling  the  reticular  variety.  The  vascular  con- 
dition of  the  pulp  makes  it  an  organ  of  nourishment 
for  the  dentin  as  well  as  the  mature  tooth. 

Cementum. — The  cementum  covers  the  dentin  in 
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the  root  portion  of  a  tooth.  At  the  gingival  margiii'l 
it  slightly  overlaps  the  enamel.  Near  this  margin  it  I 
forms  a  thin  layer,  but  becomes  thicker  toward  the  I 
apex  of  the  root  and  between  the  roots  of  the  bi-T 
cuspids  and  molars.  Tlic  cementum  consists  of  j 
parallel  lamella^  of  bone  tissue  that  contain  no] 
Haversian  canals.  Small  blood-vessels  from  the  in-[ 
vesting  peridental  membrane  penetrate  the  lamella;,! 
while  other  small  vessels  from  the  pulp  pass  through  J 


isr 


Fi«. 
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t  layer)- 


the  cementum  in  the  opposite  direction,  Fibei 
from  the  investing  peridental  membrane  find  attaeh-n^ 
nient  in  the  cementum.  These  fibers  resemble  tliel 
fibers  of  Sharpey  in  bone.  The  cementum,  there-  , 
fore,  furnishes  a  medium  of  attachment  by  which  the^ 
tooth  is  held  in  position. 

Cementum  is  constantly  being  produced  by  the  1 
apposition  of  new  surface  layers.     In  newly  erupted  j 
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teeth  the  cementum  is  thin  and  in  teeth  of  old  per- 
sons the  cementum  is  thick.  This  continuous 
growth  is  necessary  in  order  to  estabHsh  attachment 
for  new  fibers  of  the  peridental  membrane  and  to  con- 
form to  the  natural  growth  of  the  jaw. 

Between  the  lamellae,  particularly  in  the  apical 
portion  of  the  root  where  the  cementum  is  thick, 
numerous  lacunae  are  present,  resembling  those  of 
bone.  Canaliculi  radiate  from  these  lacunae  with 
less  regularity,  however,  than  in  the  case  of  bone. 
They  may  be  confined  to  one  side  of  a  lacuna,  usually 
the  side  toward  the  surface. 

Local  thickenings  of  the  cementum,  called  hyper- 
trophies, are  common.  These  enlargements  involve 
one  or  more  of  the  lamellae  and  were  formerly  called 
exostoses,  or  cementostoses. 

Peridental  Membrane. — This  is  an  organic  tissue 
that  surrounds  the  root  of  teeth  and  occupies  the 
space  between  the  cementum  and  the  bony  wall 
of  the  alveoli.  Its  chief  function  is  to  anchor  a  tooth 
to  the  jaw  and  give  support  to  the  gingivus.  Its 
chief  constituent  is  white  connective-tissue  fibers  in- 
terspersed with  a  variety  of  cells,  blood-vessels, 
lymphatics  and  nerves. 

The  fibrous  tissue  may  be  divided  into  two  classes : 
coarse,  radiating  fibers  that  form  the  principal  bulk 
» and  perform  the  principal  function  of  anchorage,  and 
a  secondary  fine  variety  that  interlace  with  these  and 
unite  largely  with  the  anastomosing  blood-vessels  of 
the  tissue.  The  principal  fibers  connect,  on  the  one 
hand,  with  the  cementum  which  they  enter  in  bun- 
dles to  form  the  fibers  of  Sharpcy,  and  on  the  other 
II 
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hand  they  unite  with  the  periosteum  ctf  the  bony 
alvoli  and  the  subepithelial  tissue  of  the  gum.  From 
the  upper  portion  of  the  cemcntuni  these  fibers  pass 
horizontally,  some  of  them  directly  to  connect  with 
the  cementum  of  adjacent  teeth  and  others  to 
mingle  with  the  connective  tissue  of  the  adjacent 
mucous  membrane,  thus  giving  a  firm  support  to  the 


lifr  "8.— T 


i;ii]j{iviis,  a  condition  which  hoconies  of  iirimary  im- 
portance in  the  mastication  of  fiKMi.  The  fibrous 
mat  of  llio  j^iini  is  usually  j;rcalfr  on  iht  lini;ual  side, 
wIktc  f(xjd  is  brought  against  thi-  j^inj;iviis  with  coii- 
si<ltTablc  force.  If  a  crown  band  is  extendi  d  loo  far, 
or  if  deposits  accumulate  as  in  case  of  uncan-d-for 
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teeth,  these  supporting  fibers  will  be  cut  off  and  the  i 
gingivus  drops  down  and  no  longer  fills  the  inter-  | 
proximal  space. 

In  the  alveolar  portion  the  principal  fibers  not 
only  spread  out  and  radiate  like  a  fan,  but  arc  in- 
clined downward  from  their  attachment  in  the  ce- 
mentum  to  their  anchorage  in  the  bony  wall  of  the 
alveolus.  Some  of  these  fibers  are  tangential  to  the 
cementuni  and  thus  support  the  tooth  against  a 
rotary  strain.  The  principal  fibers  thus  perform  a 
physical  function  and  firmly  bind  the  tooth  to  the 
adjacent  hanl  and  soft  tissues.  At  the  alveolar 
border  and  at  the  apex  of  the  root  they  arc  so  ar- 
ranged as  to  support  the  tooth  against  lateral 
strain,  while  in  the  rest  of  the  alveolar  portion  the 
tangential  fibers  are  particularly  numerous  and  sup- 
port the  tooth  against  any  rotary  force  which  may 
result  from  the  mastication  of  food.  At  the  gingivus 
line  the  fibers  blend  with  the  submucosa  and  bind 
tlic  gum  closely  to  the  neck  of  the  tooth.  At  the 
apex  of  the  root  the  secondary  loose  variety  becomes  j 
continuous  with  the  connective  tissue  of  the  tooth  J 
pulp. 

The  cellular  elements  of  the  peridental  membrane  4 
are  the  fibroblasts,  ccmentoblasts,  osteoblasts,  osteo- 
clasts, and  epithelial  cells,  which  have  l>een  called  the 
glands  of  the  peridental  membrane.  All  these  cells 
are  interposed  between  the  bundles  of  supporting 
fibers  already  described. 

I.  The  fibroblasts  are  spindle-shaped  connective- 
tissue  cells  arranged  in  radiating  rows  between  the 
fibers.     They   are    numerous  in   young  teeth  and 
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tlie  root.  They  produce  the  cemcntum  and  there- 
fore resemble  the  osteoblasts  of  bone.  They  have  a 
sinjjlc  deep-staining  nucleus  and  irregular  processes 
that  fit  around  and  between  the  fillers  and  also  ex- 
tend into  the  cementum.  A  cementoblast  may  be- 
come enclosed  in  the  cementum  and  thus  form  a 
lacuna  which  it  completely  fills,  thus  making  a 


hiuhly  mag- 


relativcly  few  in  old  tcc'lh.  Tiu'siiijilcniickusstains 
deeply,  beiut;  rich  in  chronialiii.  The  cells  are  small 
and,  as  their  name  implies,  their  function  is  the  i)ro- 
duction  of  libers  that  give  support  l<i  the  lf>oth. 

2.  The  cemoitobliixis  are  flat  irregular  cells  that 
lit  in  and  adjust  themselves  between  the  lilxTs  so  as 
to  form  a  single  layer  everywhere  over  the  surface  of 
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cement  corpuscle  analogous  to  a  bone  corpuscle. 
Such  an  inclusion  is  the  exception  in  the  life  history 
of  these  cells. 

3.  The  osteoblasts  are  also  connective-tissue  cells, 
but  cover  the  bony  wall  of  the  alveoli.  They  lie 
between  the  fibers  and  their  function  is  the  pro- 
duction of  bone  which  anchors  the  supporting  fibers 
to  the  alveolar  wall.  These  cells  are  analogous  to 
the  osteoblasts  of  bone. 

4.  The  osteoclasts  are  large,  bone-destroying, 
multinucleated  cells  that  are  often  called  giant  cells. 
They  may  also  act  upon  and  absorb  the  cementum 
and  dentin.  They  are  not  constantly  present  in  the 
peridental  membrane  but  appear  whenever  cal- 
cified tissue  is  to  be  destroyed.  They  apply  them- 
selves to  the  surface  to  be  absorbed  and  by  their 
physiological  action  excavate  cavities  in  which  they 
lie,  known  as  Howship's  lacuncr.  The  latter  may 
later  fill  in  with  new  cementum  or  bone,  thus  leaving 
a  permanent  record  of  the  process  of  absorption  and 
repair.  The  absorption  of  the  roots  of  deciduous 
teeth  results  from  the  physiological  action  of  the 
osteoclasts.  If  for  any  cause,  such  as  bacterial  in- 
vasion, the  osteoclasts  fail  to  appear,  the  root  of 
the  deciduous  tooth  does  not  absorb  but  remains  as 
a  permanent  obstruction  to  the  developing  new  tooth. 

5.  Epithelial  cells,  believed  by  some  to  be  remains 
of  the  enamel  organ,  envelop  the  surface  of  the  roots 
and  are  found  in  both  young  and  old  teeth.  Their 
function  is  not  known.  They  appear  as  cords  of 
epithelial  cells  that  anastomose  freely  to  form  an  en- 
veloping network,  which  nowhere  seems   to   unite 
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with  the  epithelium  of  the  mucous  membrane  of  tn 
mouth.  The  structure  of  some  of  these  cords  re~ 
sembles  that  of  tubular  glands,  and  Dr.  Black  has 
suggested  that  their  function  may  be  a  glandular  one. 
They  not  infrequently  enter  into  the  pathological 
conditions  of  the  peridental  membrane. 

Blood  Supply.— Usually  several  small  blood-vessels 
enter  the  foramina  at  the 
apex  of  the  root  and  pass  di- 
rectly to  the  pulp.  Upon 
naching  the  pulp  these  ves- 
sels anastomose  freely,  form- 
in;^' an  extensive  blood  plexus- 
\  capillary  plexus  with  nar- 
rnw  meshes  has  been  de- 
-^kiibed  lx:tween  the  layer  of 
odontoblasts  and  the  dentin, 
Ijiit  does  not  penetrate  the 
I  1 1 1  tT.  Both  arteries  and 
\  iins  have  very  thin  walls 
and  may  l>e  easily  ruptured. 
The  pulp  therefore  bleeds 
very  easily  when  exposed. 
No  accompanying  lymphatics 
have  been  described. 

The  peridental  membrane, 
being  a  connective-tissue  layer,  has  a  very  rich  lilood 
supply.  Vessels  enter  the  membrane  near  the  apex 
of  the  root,  accompanying  the  nerve  at  that  place; 
small  arterioles  penetrate  laterally  from  the  Haver- 
sian canals  of  the  alveolar  wall,  and  a  third  supply 
is  derived  from  the  mucous  membrane  of  the  gun 


Fig.  iio: — Sliowing  Ihc  ar- 
rangement of  cpithrliol  cords 
or  glands  of  Ihr  pcridi-nlul 
ntembruiie  a  round  Ihc  ruol 
o(  II  cpiilral  incisor  (diii- 
gmm  by  Dr.  Black). 
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vessels  passing  over  the  border  of  the  alveolar  proc-  I 
esses.  This  vascular  condition  is  important,  both  in  ] 
health  and  disease. 

ITerve  Supply. — The  tooth  pulp  is  supplied  with 
nerve  fibers  from  the  fifth  cranial  nerve.  Medul- 
latcd  dendrites  of  sensory  neurons  enter  the  pulp 
cavity  through  the  apical  foramen  of  the  root.  All 
of  them  lose  the  medullary  sheath,  but  do  so  at 
variable  distances  in  the  pulp.     The  varicose  den-  J 


1   ihp   |>iilp  "f  a   rabbil's   molar, 
Ihylcnc-blut  (iit/fu  vitamY.   0,  Odqailoblasts  seen  inside 
.     .  mbcr  of  odontoblasts  scpn  in  end  view,  showing  a  termi- 

nal branrh  nf  a  nerve  Abcr  situated  between  the  odonloblosts  and  the 
di-ntin  (Huber). 


drites  ultimately  form  a  loose  plexus  immediately  J 
under  the  layer  of  odontoblasts  and,  therefore, 
practically  at  the  periphery  of  the  pulp.  Small 
branches  pass  from  this  plexus  to  terminate  between 
the  odontoblast  cells,  or  pass  Ihrouyh  the  layer  of 
odontoblasts,  but  in  no  ease  have  they  been  traced 
into  the  dentin.  The  sensitive  dentin  is,  therefore, 
due  to  an  indirect  irritation  of  these  nerve  endings, 
conveyed  to  the  latter  through  the  medium  of  the 
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dentinal  fibrils  and  the  odontoblasts.  The  pulp  is 
very  sensitive  to  traumatic  and  chemical  irritations, 
even  when  conveyed  to  it  through  the  constituents 
of  the  dentin.  It  is  especially  sensitive  to  changes  in 
temperature,  heat  or  cold  acting  alike.  It  has  no 
localized  sensation  of  touch. 

Our  knowledge  of  the  nerve  supply  of  the  periden- 
tal membrane  is  not  extensive.  Both  meduUated 
and  non-meduUated  fibers  are  present,  the  latter 
being  a  part  of  the  sympathetic  nervous  system,  and 
accompany  as  well  as  innervate  the  small  blood- 
vessels. The  nerve  fibers  enter  the  peridental  mem- 
brane in  the  same  manner  and  from  the  same  sources 
as  the  blood  supply,  which  has  already  been  de- 
scribed. 

Attachment  of  Teeth. — In  considering  the  attach- 
ment of  teeth  it  must  be  remembered  that  teeth  are 
not  a  part  of  the  osseous  system  but  are  dermal 
appendages.  The  phylogenetic  history  of  this  sub- 
ject in  vertebrates  is  very  interesting.  The  de- 
scriptive literature  is  extensive  and  many  classifi- 
cations of  the  different  forms  of  attachment  have 
been  made.  Tomes,  in  his  **  Dental  Anatomy," 
classifies  four  forms  of  attachment:  (i)  by  a  fibrous 
membrane;  (2)  hinge- joint;  (3)  ankylosis;  (4)  in- 
sertion in  a  socket. 

The  attachment  by  fibrous  tissue  is  manifest  m 
the  scaly  teeth  of  sharks.  Each  cone-shaped  tooth 
has  a  flattened  dermal  plate.  Calcified  connective 
tissue  is  built  into  this  plate,  which  it  unites  more  or 
less  fibrously  to  the  submucous  matrix  of  the  mouth. 
Such  teeth  are  practically  dermal  scales  and  have  no 
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direct  attachment  to  the  bony  skeleton.  The 
hinge-joint  is  merely  a  modification  of  the  fibrous 
attachment,  and  is  found  in  many  fishes,  reaching  a 
high  degree  of  development  in  the  poison  fangs  of 
snakes.  The  hinge  is  composed  of  connective-tissue 
elements.  In  snakes  the  fang  has  a  muscular  at- 
tachment by  which  the  reptile  is  able  to  erect  the 
fang.  By  ankylosis  is  meant  a  direct  calcified  union 
with  the  bone  of  the  jaw.  Such  teeth  have  no 
flattened  base,  but  a  calcified  pulp  which  binds  them 
firmly  to  the  bony 
skeleton  of  the 
mouth.  Ankylosis 
is  confined  to  the 
teeth  of  certain 
fishes. 

The  development 
of  a  socket  is  associ- 
ated with  large  teeth 
and  a  consequent 
strong  attachment. 
The  evolution  of  a 

socket  is  well  represented  phylogcnetically  in 
reptiles  where  Wiedersheini  makes  three  classes: 
(i)  pleurodont  dentition  (laccrtilia),  where  **thc 
teeth  are  situated  upon  a  ledge  on  the  inner  side 
of  the  lower  jaw,  with  which  they  become  fused 
basally;"  (2)  acrodont  dentition  (chameleon,)  where 
**they  lie  on  the  free  upper  border  of  the  jaw;" 
(3)  thecodont  dentition  (crocodiles),  where  **they  arc 
lodged  in  alveoli.*'  In  man  all  the  teeth  are  im- 
bedded in  well-developed  alveoli  of  the  jaw-bones. 


Fig.  122. —  Diagram  illustrating  the  He- 
vt'lopmcnt  of  a  socket,  ^i,  Pk*uru<lont 
dentition;  ft,  arnxlont  (icntition;  c,  the- 
codont dentition. 
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Here  the  function  of  the  teeth  is  not  only  to  seize 
and  bite  the  food,  but  also  to  masticate  it  and  test 
its  quality.  This  change  in  function  accounts  for 
the  heterodont  dentition,  which  must  have  arisen  by 
a  modification  of  the  simple  homodont  condition 
in  which  the  teeth  are  all  small,  conical,  and  of  the 
same  size  and  shape.  The  primary  arrangement  of 
the  teeth  is  such  that  those  of  one  jaw  do  not 
usually  correspond  in  position  with  those  of  the 
other,  but  rather  with  the  interspaces  between  them. 
As  a  rule,  the  succession  of  teeth  in  man  is  nearly 
always  reduced  to  two  functional  sets,  the  deciduous 


Dental  ridge.  Enamel  organs.       DcnUil  ridge.     Enamel  organs.     Neck.     Dental 

ridge. 

Fig.  123. — Diagram  illustrating  the  development  of  the  enamel  organ 

of  three  teeth. 

teeth  and  the  permaneyit  teeth.  Traces  of  an 
earlier  set  have  been  found,  which  may  be  spoken  of 
as  a  *'predeciduous''  dentition,  and  occasionally  one 
or  more  teeth  appear  which  replace  corresponding 
permanent  teeth,  and  thus  indicate  the  possibility  of 
an  extra  unrecorded  set.  An  unlimited  succession 
of  teeth  takes  place  in  nearly  all  vertebrates,  except 
with  mammals. 

Development  of  Teeth. — The  enamel  of  the  tooth 
develops  from  the  epithelium  of  the  oral  cavity.  In 
the  seventh  week  of  fetal  life  the  nuicous  epitheHum 
covering  the  gums  invaginates  to  form  a  denial 
groove.     The  ridge  or  shelf  thus  invaginated  is  called 


tooth.  These  epi- 
thelial processes  or 
sacs  are  known  as 
enamel  organs  and 
develop  directly  into 
the  tooth  enamel. 
A  little  later,  during 
the  third  month,  a 
second  set  of  proc- 
esses comes  from  the 
lingual  side  of  the 
dental  ridge  and  in 
like  manner  forms 
the  enamel  organs  of 
the  permanent  set  of 
teeth. 

The  origin  of  the 
dentin  is  closely 
associated  with  the 
enamel  organs  but 
comes  from  the  con- 
nective tissue  under- 
lying these  organs. 
This  connective  tis- 
sue    forms    dental 
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papilUe,  which  later  become  differentiated  into  the 
dentin  and  dental  pulp.  The  developing  papillse 
gradually  become  invested  by  the  enamel  organ  and 
one  by  one  erupt  on  the  surface  of  the  oral  cavity 
either  as  deciduous  or  permanent  teeth. 

It  will  be  observed  that  the  enamel  organs  are  sac- 
like structures  consisting  of  an  outer  and  inner  layer 
of  epithelial  cells.  The  inner  layer  envelops  the 
dental  papillae  and  is  destined  to  form  the  enamel 
prisms.  The  outer  layer  becomes  associated  with  an 
investing  sheath  of  connective  tissue,  the  dental  sac, 
and  serves  as  a  temporary  protection  while  the 
enamel  is  being  formed.  When  the  tooth  erupts  the 
outer  lining  of  epithelial  cells  disappears. 

The  tooth  papillae  are  thus  all  preformed  at  the 
time  of  birth.  They  remain  latent  and  develop 
regularly  into  the  different  teeth  according  to  the 
table  on  page  144.  A  serious  illness  of  a  child  just 
before  their  eruption  may  affect  their  healthy 
growth  by  interfering  with  proper  nutrition,  and 
imperfect  and  pitted  teeth  result,  which  often  ac- 
counts for  an  early  decay. 

THE  TONGUE. 
The  tongue  is  a  voluntary  muscular  organ  that 
occupies  the  floor  of  the  mouth.  In  lower  verte- 
brates the  tongue  is  a  prehensile  organ.  In  many 
fishes  it  is  covered  with  teeth,  its  function  being  to 
capture  and  hold  prey.  In  fro^s  and  toads  it  is 
covered  with  nuicous  and  peculiarly  modified  to 
capture  insects.  In  reptiles  it  is  often  bifurcated, 
very  motile,  and  used  to  frighten  an  enemy.     In 


Fig.  lit;.— PapHlar  surfaics  of  the  longue,  with  Ihc   faum  and'^ 
tonsils:    i,  i.  circurn vallate  papillic,  in  from  oF  i,  Ihe  fora 
3,  funglfortn   papillx;    4,  ti\iSarm   and   coniral  papilla;    ; 
and  oblique  nigi;   6,  mucous  glands  at  llic  base  of  the  I'j 
the  TaucFSi   7.  tonsils;   8,  part  of  the  cpigloltis;   0.  nicdiun   gloaso-rpi- 
gloUidpan  fold  (frxnum  cpigloiiiiiis)  (From  Kappoy). 

food,  its  more  important  function  is  gustatory,  the 
taste  organs  being  located  upon  its  surface.     "" 
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description  the  tongue  may  be  divided  into  bodyt 
base,  inferior  surface,  and  dorsum. 

Body. — This  is  chiefly  made  up  of  striped  muscle 
which  may  be  divided  into  intrinsic  and  extrinsic. 
A  median  septum  divides  it  into  two  symmetrical 
lateral  halves.  Connective-tissue  elements,  nerves, 
the  body  of  glands,  and  blood-vessels  interlace 
freely  with  the  muscle.  The  musculature  is  best 
studied  in  a  beef's  tongue  that  has  been  boiled,  and 
is  a  subject  that  belongs  to  gross  anatomy.  In  any 
section  of  the  tongue,  muscle  fibers  will  be  seen  both 
in  cross  section  and  in  longitudinal  section. 

Base. — This  is  the  posterior  wide  end  of  the  tongue 
that  is  attached  to  the  hyoid  bone.  It  is  covered 
with  a  smooth  mucous  membrane,  beneath  which  is 
a  rich  supply  of  lymphoid  tissue.  The  latter  con- 
stitutes the  lingual  tonsil.  Mucous  glands  are  abun- 
dant. 

Inferior  Surface. — This  is  covered  with  smooth 
mucous  membrane  on  which  open  many  mucous  and 
serous  glands.  The  surface  is  divided  into  two 
halves  by  a  fibrous  septum  which  passes  to  the  floor 
of  the  mouth  and  is  known  as  the  lingual  frenum. 
When  this  is  abnormally  short  the  person  is  said  to  be 
tongue-tied,  and  speech  is  impaired. 

The  Dorsum. — This  surface  is  convex  both  from 
before  backward  and  from  side  to  side.  A  median 
depression,  or  sulcus,  divides  it  into  lateral  halves. 
The  sulcus  apex  points  backward  to  the  foramen 
cecum  just  in  front  of  the  base.  This  cecum  is  a 
blind  pocket  that  marks  the  origin  of  the  middle 
portion  of  the  thyroid  gland,  and  is  the  remnant  of 
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the  obliterated  thyroid  duct.  The  dorsal  surface  is 
studded  with  three  sets  of  papilla?,  to  be  described  in 
detail. 

Papillae. —  r.  Filijorm  Papilla.— These  are  not 
only  the  smallest  but  by  far  the  most  numerous,  and 
give  the  tongue  a  velvety  appearance.  They  are 
arranged  in  divergent  rows  that  extend  outward  and 
forward  from  the  median  sulcus.  Each  papilla  is 
conical,  points  backward,  and  is  covered  by  a  thick 


^^i'.M- 


Fig.  , 


Section  through  two  filxtonn  pap  i\x  of  longue. 


layer  of  stratified,  horny,  squamous  epithelium. 
The  function  of  these  papillae  is  purely  prehensile. 
In  carnivorous  animals  they  give  the  tongue  a  rasp- 
like  structure   that    serves   effectually   in   cleaning 

'  bones.     It  is  said  that  a  tiger,  in  this  way,  can  draw 

'  blood  from  a  living  hand. 

2.  Fungiform  PapilUe. — These  are  less  numerous. 

[  larger,  and  supplied  with  blood,  which  gives  them  a 


i;6      NORMAL   HISTOLOGY   AND   ORGANOGRAPHY. 

red  color.  They  are  most  numerous  at  the  tip  and 
margins  of  the  tongue.  Each  is  like  an  inverted 
cone  and  has  a  covering  of  eight  or  ten  layers  of 
squamous  epithehal  cells.  Many  of  these  papillae 
have  taste  buds  in  their  lateral  walls,  analogous  to 
those  to  be  described  in  the  third  class  of  papills — 
the  circumvallate,  A  connective-tissue  papilla  oc- 
cupies the  core  of  the  fungiform.  This  core  has  a. 
rich  supply  of  blood-vessels  which  in  fevers  become 
congested    with    blood    and    give    the    dorsum  a 


f  fungit  n    pjp    i 


speckled  red  color,  spoken  of  as  strawberry  tongue. 
This  is  particularly  the  case  in  scarlet  fever. 

3.  Circumvallate  Papillu-. — These  are  by  far  the 
largest  and  are  found  just  in  front  of  the  foramen 
cecum.  They  are  about  ten  in  number  and  are  ar- 
ranged in  the  form  of  a  letter  V,  with  the  apex  point- 
ing backward.  They  resemble  the  fungiform  pa- 
pillae, only  they  are  much  larger.  Ivach  papilla  is 
surrounded  by  a  deep,  narrow,  circular  trench  or 
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fossa^  hence  their  name.  The  wall  consists  of  strati- 
fied squamous  epithehum  and  the  core  of  connective 
tissue  richly  supplied  with  blood-vessels.  From  this 
core  secondary  connective-tissue  papilla  indent  the 
under  surface  of  the  stratified  epithelial  wall. 

Taste  Buds. — These  are  nests  of  epithelial  cells 
that  lie  in  the  lateral  walls  of  circumvallate  and 


Hum. 


Ta\lr  2.\ 
buds 


Groavt 

sur- 

roundiiii 

papilla. 


-  "^  7 gla„d. 


Fig.   128.  —  Lonjijitiulinal  s<'ction  of  a  human  rircuinvallatc  ])a{)illa 

(Bohm  and  DavidolT). 


many  fungiform  papilla*,  and  are  closely  ass(K*iatc(I 
v/ith  the  sense  of  taste.  They  resemble  small  acorns, 
and  are  made  up  of  columnar  cells  so  arranged  as  to 
form  a  central  tasie  camil,  which  in  turn  opens  by  a 
pore  into  the  circumvallate  jossa.  Two  kinds  of 
slender  epithelial  cells  are  present,  (i)  tegmental  or 


12 
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cover  cells,  principally  at  the  periphery  of  the  bud, 
which  support  or  ensheath  (2)  the  gustatory  or  taste 
cells.  The  latter  are  smaller,  more  delicate  and 
centrally  placed,  with  the  distal  or  free  end  bearing 
a  small  process  that  projects  into  the  inner  taste  pore. 
The  cells  of  the  taste  bud  occupy  the  whole  lateral 
wall ;  that  is,  the  base  of  each  cell  rests  upon  the  base- 
ment membrane  next  to  the  connective-tissue  core 
and  the  distal  end  extends  practically  to  the  sulcus 


k  '^'i 


Fig.  i»c),— Two  foliate  lapHIa:  from  longuc  of  rabbit. 

of  the  papilla.  These  taste  buds,  as  a  matter  of  pro- 
tection, develop  in  the  lateral  wall  rather  than  in  the 
exposed  dorsal  surface  of  each  papilla. 

The  nerve  fibers  of  the  gustatory  nerve  arc  not  in 
protoplasmic  continuity  with  the  epithelial  cells  of 
the  taste  buds,  as  is  the  case  with  the  sensory  cells  of 
the  olfactory  region.  Nerve  fibers  enter  the  taste 
buds  and  terminate  in  varicosities  that  interlace 
and  come  in  contact  with  the  gustatory  cells  of  each 
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taste  bud.  It  is  evident  that  a  food  to  be  tasted 
must  first  be  put  into  solution  to  pass  into  the  sulcus 
and  stimulate  the  delicate  processes  of  the  gustatory 
ceUs  of  taste  buds. 

Foliate  Papillse. — On  each  side  of  the  rabbit's 
tongue,  some  distance  back,  can  be  seen  a  small  ova] 
patch,  with  diagonal  grooves  and  ridges,  resembling 
the  side  of  a  three-cornered  file.  These  patches  are 
the  foliate  papUlas.  In  reality  they  are  not  papillae 
but  alternating  grooves  and  ridges.  In  transverse 
section,  the  lateral  walls  of  the  ridges  will  be  found 
beset  with  taste  buds  resembling  in  detail  those 


described  in  the  circumvallate  papillse.  The  rabbit, 
therefore,  to  relish  his  clover,  should  roll  the  leaves 
over  these  lateral  patches. 

Glands  of  the  Tongue. — Small  serous  racemose 
glands  are  associated  with  the  circumvallate  pa- 
pills  into  the  jossce  of  which  their  ducts  open. 
Glands  are  otherwise  absent  over  the  dorsum  of  the 
tongue.  Over  the  other  parts  of  the  tongue  both 
serous  and  mucous  glands  are  abundantly  present; 
Many  of  these  are  mixed  serous  and  mucous  glands. 
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Blood  Supply. — The  arteries  are  the  lingual, 
which  branches  to  form  (i)  the  dorsal  lingual  artery 
which  anastomoses  freely  with  the  tonsillar  branch 
of  the  facial,  and  (2)  the  ranine  artery  that  passes 
along  the  under  surface.  The  veins  are  the  ranine 
and  the  dorsalis  lingua  that  drain  into  the  internal 
jugular. 

Nerves. — These  are  (i)  the  hypoglossal,  the  motor 
nerve;  (2)  the  lingual,  from  the  inferior  maxillary 
of  the  fifth,  which  is  accompanied  by  the  chorda 
tympani  of  the  seventh,  or  facial;  (3)  the  glosso- 
pharyngeal, which  supplies  the  taste  buds;  (4)  the 
internal  laryngeal.  Many  fibers  of  the  sympathetic 
system  mingle  with  these  nerves. 

PHARYNX. 

The  pharynx  is  the  common  passage  for  both 
food  and  air.  It  is  an  expanded  portion  of  the  di- 
gestive tube  five  inches  in  length  and  with  seven 
op>enings:  one,  the  fauces  from  the  mouth;  two 
posterior  nares;  two  Eustachian  tubes;  one  to  the 
trachea,  and  the  orifice  of  the  esophagus. 

The  mucous  membrane  of  the  pharynx  is  lined 
with  stratified  squamous  epithelium,  except  in  the 
region  of  the  posterior  narcs  where  the  epithelium 
is  ciliated.  In  the  submucosa  there  is  a  generous 
supply  of  mucous  and  serous  glands  and  lymphoid 
tissue.  The  latter  is  particularly  abundant  in  the 
region  of  the  posterior  nares,  forming  in  this  location 
the  pharyngeal  tonsils  or  adenoids.  In  early  youth 
the  adenoids  are  prone  to  enlarge  so  as  to  obstruct 
normal  breathing,  a  condition  that  justifies  their 
removal.     A    rich    supply    of    elastic    longitudinal 
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connective-tissue  fibers  is  also  present  in  the  sub-  1 
mucosa.     The   submucosa  is  therefore  capable  of  I 
being  greatly  distended,  as  is  the  case  in  throat  in-  i 
fections,  such  as  diphtheria,  where  the  congestion 
is  so  great  as  to  interfere  with  respiration.     The 
diphtheria  germs  and  toxins  are  thus  lifted  up  and 
walled  off  from  the  deeper  structures  and  normal 


Fig.  13 


(SobolU). 


blood  supply.  This  is  nature's  method  of  elirainat-' 
ing  the  disease,  with  the  possible  danger  to  the  pa- 
tient of  suffocation. 

E-xternal  to  the  submucosa  come  several  layers  of  ■ 
striated  muscle  fibers  forming  the  pharyngeal  muscle, 
the  description  of  which  belongs  to  gross  anatomy. 

Tonsil.— The    tonsils    are    two    oval    lymphoid 
masses  imbedded  in  the  lateral  walls  of  (he  pharynx, 
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opposite  the  root  of  the  tongue  and  between  ttH 
anterior  and  posterior  palatine  arches.  This  lymph- '' 
oid  tissue  is  covered  with  the  oral  mucous  mem- 
brane, beset  with  many  depressions  or  pits  known 
as  crypls.  It  is  along  these  crypts  that  bacteria 
may  enter  the  tonsil  produLmg  an  niflammation  of 
that  organ  known  as  lonsillitis 


Fig.  ijj. — Crvisa  sftliuii  of  Ihc  esophagus. 


ESOPHAGUS. 

The  esophagus  is  the  part  of  the  alimentary  cam 
that  intervenes  between  the  pharynx  and  the  stotlj 
ach,  and  is  a  very  muscular  tube  about  ten  inchl 
in  length.  Its  upper  end  is  opposite  the  lower  I 
der  of  the  crycoid  cartilage  and  the  sixth  cervia 
vertebra.     The  lower  end  or  cardiac  orifice  is  Dpp< 
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site  the  eleventh  dorsal  vertebra.  Two  distinct 
constrictions  are  present,  one  at  the  beginning  and 
one  where  it  is  crossed  by  the  left  bronchus.  The 
normal  distention  at  these  points  is  about  four- 
fifths  inch. 

The  wall  of  the  esophagus  may  be  divided  into 
four  coats:  mucous,  submucous,  muscular,  and 
fibrous. 

1.  Mucotis  Layer. — This  layer  is  thrown  into 
many  longitudinal  folds  and  lined,  as  in  the  pharynx, 
with  stratified  epithelium.  The  tunica  propria  is 
well  developed  and  may  contain  solitary  lymph 
nodes.  Tubular  glands  resembling  those  of  the 
stomach  are  found  in  patches,  particularly  at  the 
extremities  of  the  esophagus.  They  are  entirely 
confined  to  the  mucosa  and  distinct  from  the  mucous 
glands  found  in  the  submucosa.  Their  function  is 
problematic.  A  muscular  is  mucosa  is  present  in  the 
esophagus  just  external  to  the  tunica  propria,  con- 
sisting of  longitudinally  disposed  smooth  muscle 
cells.  This  layer  becomes  more  prominent  in  the 
alimentary  canal  below  the  esophagus. 

2.  Submucosa. — This  layer  lies  just  external  to 
the  muscularis  mucosa  and  consists  of  loose  con- 
nective-tissue elements,  blood  and  lymph  vessels, 
nerves  and  the  bodies  of  mucous  glands.  These 
glands  are  compound  racemose  and  are  particularly 
abundant  in  the  lower  part  of  the  esophagus.  The 
ducts  pass  through  the  muscular  mucosa  to  open  on 
the  epithelial  surface.  They  secrete  mucus  for  the 
lubrication  and  protection  of  this  surface.  Not  in- 
frequently the  morning  vomit  of  mucus  in  chronic 
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gastritis  comes  from  excessive  secretion  of  these 
glands.  The  tissues  of  the  submucosa  are  loosely 
held  together,  and  sections,  therefore,  may  tear  along 
this  layer. 

3.  Muscular  Coat. — This  consists  of  an  inner  cir- 
cular and  an  outer  longitudinal  layer,  although  the 
fibers  of  each  often  interlace.  The  longitudinal 
layer  is  particularly  strong,  often  thicker  than  the 
circular.  In  the  upper  half  many  striated  fibers  are 
present  that  are  continuous  with  the  pharyngeal 
voluntary  muscle.  The  control  of  these  fibers  en- 
ables the  dog  to  return  food  to  the  mouth  that  has 
passed  into  the  upper  part  of  the  esophagus.  In  the 
lower  half,  only  smooth  muscle  fibers  are  present. 
The  longitudinal  layer  passes  on  as  the  longitudinal 
layer  of  the  stomach  and  intestine,  while  the  circular 
becomes  the  diagonal  fibers  of  the  stomach  and  does 
not  pass  to  the  intestine.  Connective-tissue  ele- 
ments interlace  and  strengthen  the  whole  muscu- 
lature. Foods  and  liquids  are  carried  along  this 
tube  by  peristaltic  contraction  of  its  muscles,  and 
in  this  way  cattle  and  horses  can  take  nourishment 
without  lifting  their  heads. 

4.  Fibrous  Coat. — This  consists  of  loose  connec- 
tive-tissue elements,  mostly  white  fibrous,  binding 
the  esophagus  to  adjacent  structures.  It  is  not 
well  defined  and  often  difficult  to  demonstrate  as  a 
distinct  layer. 

STOMACH. 
The  stomach  varies  greatly  in  form  and  position 
according    to    physiological    conditions.     For    de- 
scriptive purposes  it  has  two  ends,  cardiac  and  py- 
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laric;  two  surfaces,  dorsal  and  ventral;  two  curva- 
tures, greater  and  lesser;  and  two  orifices,  esophageal 
and  pyloric.  The  most  fixed  point  is  the  esophageal 
orifice,  which  is  situated  opposite  the  seventh  left 
costal  cartilage  one  inch  from  the  sternal  junction. 
The  most  movable  portion  is  the  pyloric  end,  which 
is  situated  one-half  to  one  and  one-half  inches  to  the 
right  of  a  median  plane  and  a  variable  distance  be- 
low the  esophageal  opening.     The  distance  between 


^. 
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Fig.  134. — Anterior  outlines  of  stomach.     (His'  model.) 

the  two  orifices  is  about  four  inches.  The  full 
length  of  the  stomach  is  about  ten  inches,  and  the 
greatest  diameter  four  inches,  with  average  capacity 
of  one  quart.  These  dimensions  are  subject  to 
great  variations. 

The  stomach  wall,  like  that  of  other  parts  of  the 
food  canal,  is  made  up  of  four  layers :  mucosa,  submu- 
cosa,  musculariSy  and  serosa, 

I.  Mucosa. — ^The  mucous  surface  is  uneven,  due 
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to  irregular  folds,  The  surface  is  beset  with  minu^ 
pores  or  circular  depressions,  called  crypts,  intO*i 
which  the  gastric  glands  open.  As  in  other  parts 
of  the  food  canal  this  layer  consists  of  epithelium, 
membratta  propria,  and  muscularis  mucosa.  The 
epithelium  is  simple  colutnnar  with  the  nucleus  near 
the  bottom  of  the  cell,  leaving  a  clear  proximal  half 


Ffg.  1,15- — Cross  section  through  the  wiill  of  ii  slomarh. 

to  each  cell  that  does  not  readily  stain.     The  pits  (j 
cr>-pts  are  lined   by  this  same    epithelium. 
membrana  propria  has  a  rich  supply  of  connectiw 
tissue  cells  and  extensive  ramifications  of  blood  a 
lymph  capillaries.     The  muscutaris  r}tucosa  is  a  thu| 
muscle  layer,   external  to   the   membrana   proprii 
and  consists  of  an  inner  layer  of  circular  and  an  outc 
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layer  of  longitudinal  smooth  muscle  fibers.  A  liberal 
supply  of  connective  tissue  is  associated  with  this 
ttiuscle.  This  layer,  therefore,  offers  resistance  to 
an  invasion  of  bacteria,  while  the  muscular  contrac- 
tion relieves  pressure  to  the  rich  blood  supply  in  the 
submucosa  just  external  to  it,  and  at  the  same  time 
exerts  pressure  upon  the  gastric  glands. 

Gastric  Glands. — 
These  are  widely  dis- 
tributed and  per- 
haps the  most  impor- 
tant structures  of 
the  mucosa.  They 
are  simple  tubular, 
except  in  the  pyloric 
region,  where  many 
of  them  are 
branched.  Usually 
several  glands  open 
into  each  crypt,  the 
latter  representing 
a  circular  pit-like 
evagination  of  the 
epithelial  surface. 
The  wall  of  each 
gland    consists    of 

simple  epithelium  and  two  kinds  of  cells  are  present: 
(i)  chief  cells,  which  are  by  far  the  most  numerous; 
these  are  round  or  cuboid  cells,  with  central  nucleus 
that  stains  blue  with  hematoxylin ;  (2)  parietal  cells , 
which  are  less  numerous,  larger,  and  have  a  granular 
cytoplasm  that  takes  the  red  eosin  stain.    They  inter- 
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vene  with  the  chief  cells  but  are  placed  at  the  pe- 
riphery of  the  glands,  and  communicate  with  the 
central  lumen  by  ineans  of  a  network  of  secreting 
ducts.  They  are  most  abundant  in  the  cardiac 
end  of  the  stomach  and  along  the 
middle  and  inner  third  of  each 
gland.  These  cells  are  supposed  to 
have  something  to  do  with  the  se- 
cretion of  hydrochloric  acid.  The 
cytoplasm  of  the  chief  cells  contains 
granules  of  pepsinogen,  which  is 
converted  into  pepsin  of  the  gastric 
juice.  During  fasting,  these  gran- 
ules accumulate,  and  during,  or 
after,  active  secretion  they  become 
smaller  and  tend  to  disappear. 
The  mucosa  secretes  a  varying 
amount  of  mucus  for  the  protec- 
tion of  the  delicate  epithelial  sur- 
face. Inmanyfornisof  indigestion, 
and  particularly  in  poison  cases, 
the  mucus  secretion  is  very  exten- 
['  and  serves  to  keep  the  irrita- 
ting stomach  contents  away  from  ' 
the  epithelial  lining.  The  excess 
of  mucus  can  be  removed  by  stom- 
ach lavage. 

The  chief  difference  between  the 
pyloric  and  canliac  regions  of  the 
stomach  is  found  in  the  mucosa,  (i)  The  crypts  in 
the  cardiac  end  are  shallow,  while  in  the  i)ylonc  end 
the  crypts  frequently  extend  half  way  through  the 
thickness  of  the  mucosa.      (2)    The  gastric  glands 
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arc  longer  than  the  crypts  in    the    cardiac    end; 
towards  the  pyloric  end  the  glands  become  shorter, 
tortuous,  and   pressed   closely   against   the   inuscu- 
laris    mucosa.      Many    of    the    pyloric    glands   are  J 
branched.     (3)  The  parietal  cells  are  numerous  in  i 


sophagUB 


the  cartliac  region  and  practically  absent  in    the  , 
pyloric.     The  pyloric  mucosa,  in  this  way,  comes  to 
resemble  that  of  the  small  intestine.     In  addition 
an  occasional  villus  or  Brunner's  gland  may  be  found 
in  the  pyloric  end. 

2.  Submucosa. — The  subnmcosa  in  all  mucous 
membranes  is  highly  vascular.  Besides  blood  and 
lymph  there  is  an  abundant  supply  of  connective- 
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tissue  elements,  largely  elastic  fibers,  connectiV" 
tissue  cells  and  fat  cells.     Nerve  cells  and  nerve" 
fibers,    known    as 
Meisiter's  plexus,  arc 
found  here  and  inthc 
I  subniucosa  tlirouf;li- 

\  '.  out  the   alimentary 

...L  canal. 

3.  Muscularis. — 
I  This   consists    of 

-'  smooth   muscle  and 

:-  I  may  be  divided  into 

I  \  three  layers:  (a)  an 

.  \  '■•  inner  sheath  where 

\  the    fibers    run    ob- 

y  llcjucly;   this  sheath 

1  i-    continuous   with 

\  ihi'  circular  layer  of 

__v  1  he  esophagus;    (ft) 

I  I     middle     circular 

\  ,.  ,      layer  which   is  con- 

,:y''  tinned  as  the  circu- 
;~^-  lar  layer  of  the  in- 
-  -— -^-  -^"  tcstinc;  (c)  an  outer 
longitudinal  layer 
continuous  with  the 
longitudinal  layer  of 
both  esophagus  and  intestine ;  nerve  cells  and 
nerve  fibers  form  a  plexus  lietween  the  lonffitudinal 
and  circular  muscle  of  the  wJiole  aiimcnlary  tract, 
which  is  known  as  the  plexus  of  Aimhiuli. 

4.  Serosa. — This  consists  of  a  thin  layer  of  fibrous 
tissue  covered  by  simple  pavement  epithcUal  cells 


muRh    hu 
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and  bound  down  to  the  muscularis  by  delicate 
fibrous  septa.  It  is  really  a  part  of  the  peritoneum. 
The  Stomach  in  Ruminants. — Ruminants  (ox, 
sheep,  goat,  camel,  llama)  all  have  four  compart- 
ments for  the  reception  and  maceration  of  food; 
Tumcn,  reticulum,  oma- 
sum, and  iibintiasum. 
The  first  three  are 
morphologically  dis- 
tensions and  modifica- 
tions of  the  lower  end 
of  the  esophagus,  while 
the  abomasum  alone 
corresponds  to  the 
stomach  in  other  ani- 
mals and  needs,  there- 
fore, no  further  de- 
scription here. 

The  Rumen  is  by  far 
the  largest  compart- 
ment, reaching  the 
enormous  capacity  of 
forty  gallons  in  the  ox. 
It  is  divided  into  four 
sac-like  pouches  by 
two  muscular  band-like  girdles  whose  obvious  func- 
tion is  to  contract  on  the  contents  and  render 
assistance  in  the  mechanical  process  of  returning 
food  for  further  mastication.  Its  mucous  mem- 
brane is  covered  with  pointed  papillae  5  to  9  mm.  in 
length,  excepting  where  the  muscular  pillars  are 
most  prominent.  Its  epithelial  lining  is  stratified, 
consisting  of  eight  to  twelve  layers    of  cells,  the 
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inner  ones  being  very  scaly  and  presenting  a  fibrous- 
like  structure.  The  subtmicosa  is  vascular,  with  a 
scattering  of  small  mucous  glands,  but  these  form 
no  digestive  secretion.  Strands  of  smooth  muscle 
fibers  extend,  into  the  core  of  each  i)apilla  of  the  I 
mucosa,  also  a  net-work  of  blood  and  lymph  vessels. 
There  are  two  smooth  muscle  layers,  an  inner  cir-: 
cular  and  an  outer  longitudinal,  the  inner  layer  1 
being  much  the  heavier.  Like  the  esophagus, 
these  layers  show  a  fine  cross-striation,  and  there  is 
no  doubt  but  that  these  layers  assist  in  the  mechan- 
ical process  of  returning  the  food  to  the  mouth  for 
amore  thorough  mastication.  The  scrwu  is  unusually 
heavy  and  easily  detected  in  microscopic  sections. 

The  Reticulum  is  the  second  gastric  reservoir  and 
is  the  smallest  compartment.  Its  mucous  surface 
presents  a  honeycomb  appearance  when  seen  from 
the  inside,  hence  its  name.  The  muscular  tunic  is 
thin,  otherwise  the  other  layers  are  analogous  to 
those  found  in  the  rumen. 

The  Omasum,   or  third  compartment,  is  only  a 
little  larger  than  the  reticulum.     The  wmcoMS  mem- 
brane is  extensively  folded  to  form  large  leaves  ex- 
tending   the    length    of    the    organ.     Between    the  1 
large  leaves  are  smaller  leaves,  and  again  a  third 
and  a  fourth  series,   making  altogether  about  400   ■ 
laminx  of  variable  sizes.     These  leaves  bear  horny  ' 
papilla,  being  large  and  pointed  toward  the  reticu- 
lum end  and  small  and  warty  toward   the   omasum 
end.     These  leaves  are  lined  with  eight  to  twelve 
layers  of  scaly,  tesselated  epithelial  cells,  forming  a 
rough  gritty  surface.     A  liberal  supply  of  smooth 
muscle  is  present  in  the  center  of  each  leaf,  also  a 
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network  of  blood-  and  lymph-vessels.  The  physio- 
logical action  of  this  muscle  causes  adjacent  leaves 
to  rub  against  each  other,  producing  a  trituration  of 
the  retained  food.  The  muscular  coal  is  fasciculated 
and  thin  and  composed  of  two  layers  that  pass  in  dif- 
ferent directions.  The  serosa  presents  nothing  differ- 
ent from  the  general  structure  of  the  peritoneal  lining. 


SMALL  INTESTINE. 
The  small  intestine  is  about  twenty-four  feet  long, 
and  is  divided  mtot/»L'(i  nwj   tenmches  jcJHntima.nd 


i/cMHT,  respectively,  two-fifths  and  ihree-fifths  of  the 
remainder.     About  three  feet  from  the  lower  end  of 
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— Porlion  of   the  wall  of 
ilistine,  laid  open  10  show 
■  s  (Brinton). 


the  ileum  Meckel's  diverticulum  may  be  present,  rep- 
resenting the  last  embryonic  closure  oi  the  intestine. 
The  intestine  has  the  same  number  of  layers  as  the 
stomach.  The  muscularis,  however,  consists  of  but 
two  strata,  an  inner  circular  and  an  outer  longitudinal. 
I.  Mucosa.- -The  mucosa  is  Uned  by  simple  co- 
lumnar epithelium  in 
which  many  goblet 
cells  are  present,  par- 
ticularly in  the  deeper 
folds.  Themembrana 
propria  and  muscu- 
laris mucosa  are  iden- 
tical with  those  des- 
cribed in  the  stomach. 
The  mucous  surface  of  the  small  intestine  is  much 
increased  by  means  of  folds,  of  which  there  are  three 
mechanisms: 
valvules  cotini- 
vcitles,  villi, and 
crypts  oj  Lie- 
berkiibn. 

{a)  Valvals 
Conniventes.  — 
These  are  con-  _ 
centric,  trans- 
verse, crescen- 
tic  folds  of  the 

Fig.  144. — Mucous  membrane  of  Uie  jejunum,  , 

hi^lymagnifiedfschcmalk);  i.i.InUstinalvilli;  mucosa,  ttiat 
1.  3,  closed  or  solitary  follirles:  3.  3-  orifices  of  ,,j.„q11v  fnrm 
the  follicles  of  Licbcrfeuhn  (Teslul).  USUaiiy       lorm 

two-thirds  of  a 
circle,    although  occasionally  one  forms  an   entire  1 
circle  or  even  a  spiral.   These  valves  are  two  or  thre* 


196     NORMAL   HISTOLOGY   AND   ORGANOGRAPHY. 

inches  long,  about  one-third  inch  broad  and  one- 
eighth  inch  thick.  The  inner  surface  of  the  small  in- 
testine is  thus  thrown  up  in  a  series  of  shelves.  This 
mechanism  has  an  analogue  in  the  typhlosole  of  the 
earthworm  and  the  spiral  valve  of  some  fishes. 

(6)  Villi. — These  are  tongue-like  elevations  of  the 
mucosa  one-thirtieth  to  one-fortieth  inch  in  height, 
and  barely  visible  to  the  naked  eye.  They  are 
found  on  both  sides  of  the  valvute  conniventes 
and  on  the  general  surface  of  the  mucosa.  Collec- 
tively they  give  the  surface  a  velvety  appearance. 
The  villi  are  most  numerous  in  the  upper  part  of  the 
intestine,  where  they  number  fifty  to  eighty  to  the 
square  inch.  They  are  longer  but  more  slender  and 
less  numerous  in  the  ileum,  where  they  number 
forty  to  sixty  to  the  square  inch.     Their  total  num- 


secliun  of  cry  pi  of  Lie- 
oirkiihn. 

bcr  in  the  small  intestine  is  estimated  at  4,000,000. 
Hach  villus  has  a  Hning  of  simple  columnar 
epithelium  which  covers  a  connective -tissue  core. 
A  few  smooth  muscle  fibers  enter  this  core  from 
the  muscularis  mucosa.  In  addition  there  is  a 
rich  blood  supply  and  a  central  lymphatic  duct. 
The  latter  is  a  part  of  the  lymphatic  system  of 
the  intestine  known  as  lactcals  because  of  the  milky 
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lymph  they  contain  after  each  meal.  The  vilh  de- 
velop as  invaginations  of  the  mucosa  and  are  exclu- 
sively confined  to  the  small  intestine. 

(c)  Crypts  of  Lieberkiihn.—TUesie  are  sometimes 
spoken  of  as  intestinal  glands.  Tliey  consist  of  pits 
or  evagi'nated  diverliculcn  of  the  mucous  epithelium 
that  open  as  pores  between  the  bases  of  the  villi. 
The  bottom  of  these  crypts  rests  against  the  muscu- 
laris  mucosa.  Goblet  cells  are  particularly  numer- 
ous in  the  epithelial  lining  of  their  walls.     Crypts 
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are  also  pre  ent  n  t!  e  large  nt  s   ne  and  are  analo-  I 
gous  to  the  shorter  crypts  of  the  stomach  mto  which 
the  gastric  glands  open. 
Solitary  Lymph  Nodules.- — These  are  simple  nodes 
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of  lymph  tissue  situated  just  beneath  the  mucous 
epithelium.  They  are  found  along  the  whole  ali- 
mentary tract  and  in  all  mucous  membranes. 

Peyer's  Patches,  or  Agminated  Lymph  Nodules. — 
These  appear  as  oval  elevations  on  tlie  mucous  sur- 
face and  are  collections  of  lymph  nodules.     They 
may  be  three  inches  long  or  less,  and  one-third  to 
one-half  inch  broad.     They  number  from  thirty  to 
forty,  and  are  found  in  the  ileum  and  always  in  the 
mucous  surface  op- 
posite the    mesen- 
teric    attachment, 
the  long  axis  being 
parallel  with    that 
of  the  intestine. 
Their  bodies    usu- 
ally extend  to  the 
circular   muscle 
layer    and  they 
therefore    invade 
the    submucosa. 
Villi  are   either 
stuntedoraltogeth- 
crabsent  overthese 
patches.     In  early 
youth  they  are  very 
prominent,  while  in  ' 
middle  life  they  be- 
gin to  atrophy,  and 
in  old  age  they  may  entirely  disappear. 

The  patches  are  the  seat  of  ulcerations,  particu- 
larly in  typhoid  fever  and  tuberculosis.  The  latter 
form  transverse  ulcers  as  the  bacteria  of  tuberculosis 
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spread  along  the  lymphatics  which  are  here  trans- 

verse to  the  intestint 

The  typhoid  germ  produces           1 

an  ulcer  whose  long 

axis  is  parallel  to  that  of  the    J 

intestine. 

^^M 

Brunner's  Glands. 

—These  are  branched  tubular  ^^H 

glands  whose  bodies 

arc  situated  in  the  submucosa  '^^H 

and    whose    ducts 

^^H 

pass    through    the 

/l^                        ^^1 

muscularis  mucosa 

%      ^''1  W^      A     Sb,                         ^^H 

to  open  between  or 

'1  I'lll  m  i%-''"'"        ^^1 

into  the  crypts  of 

%  n  \3      JnFv             ^^1 

Licberkiilin.    They 

if  iWf  1  r '  m 

are  confined  to  the 

duodenum,  partic- 

uarly     the     upper 

part.    Occasionally 

they  may  Ix-  found 

in  the  pyloric  end 

^^%^^\'-M  1 

of    the    stomach. 

The  cells  resemble 

'•^  V     wti                '   ^^H 

those  of  the  pyloric 

^^1 

glands,  l>eing  cylin- 

^H 

drical     and    finely 

^^^1 

granular.      Brun- 

^^^H 

ner's     glands     are 

^^H 

easily     recognized, 

'•■■■■■    ■■■'■.    'zf-^ti,       1 

as.they  are  the  only 

-    -      l«ya.                             1 

glands   that  lie  in 

^r       r^-.,:^.     ~r-.       ._    :    ^-S.-r.H^C'^.                       J 

the  submucosa. 

Fit;,    m'^  -  I-i-ngimilinal      section     tA  ^^^H 

2.  Submucosa. — 

gbmis                                                                ^^H 

The     snbmucosa 

^^H 

docs  not  differ  from  llie  same  layer  already  described      ^M 

in  the  wall  of  the  stomach.                                             ^^H 

^K^^^m.              ■ 
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3.  Muscularis. — The  muscularis  consists  of  an 
inner  circular  and  an  outer  longitudinal  layer  of 
smooth  muscle.  The  inner  circular  is  the  heavier  of 
the  two  and  by  its  contraction  produces  many  longi- 
tudinal folds  in  the  mucosa.  Smooth  muscle,  wher- 
ever found,  is  associated  with  connective-tissue 
elements,  but  the  smooth  muscle  of  the  intestine 

has  a  less  supply 
of  this  than  the 
smooth  muscle  any 
other  place  in  the 
body. 

4.  Serosa. — This 
layer  is  identical 
with  the*  serosa  de- 

Appenduesepiphica.  SCribcd     iu     thc    Wall 

Fig.  149.— Portion  of  large  intestine.         of  thc  Stomach. 


LARGE  INTESTINE. 

The  average  length  of  the  large  intestine  is  five 
feet.  Its  divisions  are  given  on  page  128.  It  is  dis- 
tinguished from  thc  small  intestine  by  the  following 
external  jfeatures:  tccnicc  coli,  sacctilcu,  and  appendices 
epiploic(£. 

Tccnice  Coli. — In  the  large  intestine  the  longitudinal 
muscle  is  gathered  into  three  bands  or  strips  known 
as  taeniae  coli.  Each  band  is  about  onc-(iuarter  inch 
wide  and  one  foot  shorter  than  the  intestine  to 
which  it  belongs.  The  large  intestine,  therefore, 
becomes  sacculated — that  is,  it  is  divided  by  the 
three  longitudinal  muscle  bands  into  three  rows  of 
saccular.  If  the  bands  be  dissected  away  the  saccules 
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disappear  and  the  intestine  becomes  about  one  foot 
longer. 

Appendices  epiplakiB  are  small  pedunculate  proc- 
esses that  project  from  the  serous  coat  of  the  large 
intestine.  The  pouches  are  covered  by  the  perito- 
neum and  are  usually  distended  uith  fat.  These 
external  features 
are  the  surgeon's 
guide  in  recogniz- 
ing the  large  intes- 
tine. Size  is  a  less 
reliable  factor. 

Structurally  the 
large  intestine  has 
the  same  four  lay- 
ers as  the  small  in- 
testine. The  three 
outer  layers  are 
identical.  The 
mucosa  presents  a 
smooth  surface 
with  numerous  mi- 
nute circular  pits, 
tlie  crypts  of  l,ic- 
berkiihn.  As  villi 
are  absent  the  mu- 
cosa resembles  that  oi  the  stomach  rather  than  that  of 
the  small  intestine.  The  crypts  of  the  stomach  are 
shallow,  while  those  of  the  intestine  are  deep  and 
extend  to  the  muscularis  mucosa.  Each  crypt  is 
lined  by  simple  columnar  epithelium.  Goblet  cells 
arc  very  numerous  in  this  epithelium. 


^ZM 


,  showing  many  goblcl  crib  in  cpithc- 
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Venniform  Appendix.— The  appendix,  although 
very  small,  belongs  to  the  large  intestine.  It  is  a 
worm-like  tube  about  three  inches  long  and  one- 
quarter  inch  thick,  although  the  length  varies 
greatly.     It  is  a  blind  tube  that  evaginates   from 


the  lower  end  of  the  cecum.  Lymph  nodes  arc 
particularly  abundant  in  the  mucosa  of  the  ap- 
pendix. 

The  following  taken  from  Cunningham's  "Anat- 
omy "  will  be  of  interest  to  the  student:  "A  vermi- 
form process  is  found  only  in  man,  the  higher  apes, 
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and  the  wombat,  although  in  certain  rodents  a 
somewhat  similar  arrangement  exists.  In  carniv- 
orous animals  the  cecum  is  very  slightly  devel- 
oped; in  herbivorous  animals  (with  a  simple  stom- 
ach) it  is,  as  a  rule,  extremely  large.  It  has  been 
suggested  that  the  vermiform  process  in  man  is  the 
degenerated  remains  of  the  herbivorous  cecum, 
which  has  been  replaced  by  the  carnivorous.  An- 
other and  perhaps  more  probable  view  regards  the 
appendix  as  a  lymphoid  organ,  having  the  same 
functions  as  Peyer's  patches  and,  like  these,  under- 
going degeneration  after  middle  life"  (Berry). 

In  the  different  parts  of  the  alimentary  canal  the 
mucosa  shows  a  marked  variation,  as  represented  in 
the  following  table: 


Esftkagf!. 

Sl^mi'h. 

Small  /^«.-«r. 

L.'^SC 

S<m,ift«l  ■■pi.h.Uun 
Crjpl,  =t«n!. 

Simple  CDiiht'liun 
Ga«rid  gknds. 

Simple  tpilhrtium. 
B  runner's  glundi. 

Smple 
Cryp.» 
Crjpli 

Blood  Supply  of  Stomach  and  Intestines. — The  ar- 
teries of  the  Stomach  are  all  derived  from  the  celiac 
axis,  a  branch  of  the  aorta.  The  intestines  are  sup- 
plied by  blood  from  the  superior  and  inferior  mesen- 
teric arteries,  branches  of  the  aorta.  The  arteries 
enter  along  the  line  of  the  mesenteric  attachment 
and  there  form  branches  that  pass  transversely 
around  the  intestine  to  ultimately  penetrate  the 
longitudinal  muscle  layer.  Between  the  two  mus- 
cular coats  branches  are  given   off  to  supply  the 
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muscles  themselves.  The  arteries  then  penetrate 
to  the  submucosa  where  an  extensive  blood  plexus 
is  formed.  From  this  plexus  branches  pass  through 
the  muscularis  mucosa  and  enter  the  mucosa.    Here 


L  and  UavidolT). 


they  branch  into  a  fine  capillary  network  which  in 
the  small  intestine  penetrates  to  the  core  of  the  villi. 
Other  branches  from  this  plexus  supply  the  inner 
portion  of  the  circular  muscle  layer. 

The  veins  lie  side  by  side  with  the  arteries.  Often 
two  veins  accompany  one  artery.  The  blood  drains 
into  the  suiwrior  and  inferior  mesenteric  veins;  the 
inferior  joins  the  splenic,  and  the  latter  unites  with 


^F    thus 
■         Lyn 
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This  blood 


superior  to  fonii  the  portal  vein, 
thus  ultimately  passes  through  the  liver. 

Lymphatics  of  the  Alimeatary  Canal.— The  lym- 
phatics begin  in  the  mueosa  just  beneath  the  epithe- 
lium. In  the  small  intestine  they  begin  with  the  cen- 
tral lymph  vessel  of  a  villus.  These  vessels  form  a 
network  in  the  deeper  portion  of  the  mucosa  and 
then  pass  through  the  muscularis  mucosa  to  form 


an  extensive  loose  plexus  in  the  submucosa.  Coarser 
lymphatic  vessels  lead  from  this  plexus  through 
the  muscularis,  where  branches  are  received  from  a 
lymphatic  plexus  located  between  the  two  muscle 
coats. 

The  solitary  lymph  nodes  of  the  mucosa  contain 
no  lymphatics,  but  are  encircled  at  their  periphery 
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by  an  extensive  lymphatic  network.  The  same  is 
true  of  the  lymph  nodules  in  Peyer's  patches. 

Nerve  Supply  of  the  Alimentary  Canal. — ^The  chief 
nerve  supply  of  the  alimentary  tract  consists  of  sym- 
pathetic neurons  whose  nerve  cells  form  the  centers 
of  two  plexuses,  (i)  that  of  Auerbach,  situated 
between  the  two  layers  of  the  muscle  coat,  and  (2) 
that  of  Meissner  in  the  submucosa.  The  latter  con- 
tains fewer  ganglia  and  finer  fibers.  The  numerous 
small  sympathetic  ganglia  of  each  plexus  are  imited 
by  small  bundles  of  non-meduUated  nerve  fibers  in 
which  a  few  medullated  nerve  fibers  are  present. 
From  these  plexuses  the  nerve  innervation  extends 
to  the  glands  and  epithelial  cells  of  the  mucosa,  and 
to  the  muscularis  to  end  in  small  varicosities  about 
the  smooth  muscle  cells. 

While  the  nerve  innervation  is  not  under  will  con- 
trol it  is  capable  of  being  stimulated  by  cerebro- 
spinal nerves.  Medullated  nerve  fibers  from  this 
'  system  have  been  traced  to  terminal  end  baskets 
surrounding  cell  bodies  of  many  of  the  sympathetic 
neurons  of  these  plexuses. 


CHAPTER  V, 
DIGESTIVE  GLANDS. 

SALIVARY  GLANDS. 

I.  Parotid  Gland  (serous  gland). — This  is  a  com- 
pound tubular  gland,  the  largest  of  the  salivary 
glands,  situated  in  the  parotid  recess  at  the  side  of  the 
head  below  and  in  front  of  the  ear.  It  is  a  triangular 
mass  that  varies  in  weight  from  one-half  ounce  to 
one  ounce  or  more.  Its  three  surfaces  are  desig- 
nated as  superficial,  anterior  and  posterior.  The 
gland  is  divided  into  lobes  and  lobules  and  inter- 
laced with  connective-tissue  elements  from  the 
parotid  fascia  that  invests  it. 

The  parotid,  or  Stenson's  duct,  measures  from 
one  and  one-half  to  two  and  one-half  inches  in 
length  and  one-eighth  inch  in  diameter.  It  runs 
forward  across  the  masseter  muscle,  passes  around 
the  anterior  border  of  this  muscle,  pierces  the  buc- 
cinator, then  forward  a  short  distance  to  open  on 
the  inner  surface  of  the  cheek  opposite  the  crown 
of  the  second  upper  molar.  This  duct  is  subject  to 
injury  in  facial  wounds  or  operations. 

The  gland  is  an  epithelial  organ  and  consists  of 
the  excretory  duct,  interlobular,  intralobular,  and  in- 
tercalated ducts,  and  the  distal  convoluted  tubules  or 
alveoli.  The  excretory  duct  (Stenson's)  is  lined  by 
stratified  epithelium  near  its  end  where  it  opens  on 
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the  mucous  surface  of  the  cheek.  The  rest  of  the 
duct  is  lined  by  two  layers  of  cubical  epithelium, 
which  is  invested  by  a  firm  fibrous  coat  or  tunica 
propria.     Tlie    interlobular   ducts   lie    between    the 


'i 


1'     '^  \ 


Fig.  .54- 


lobules  and  have  much  the  same  histology  as  the 
excretory  duct,  excepting  the  finer  branches  where 
the  epithelium  becomes  simple  cubical.  The  iiitru- 
lobular  ducts  are  found  inside  the  lobules  and  have  11 
simple  layer  of  tall  cylindrical  cells  whose  cytoplasm 
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shows  a  distinct  longitudinal  striation.  The  inter' 
calaled  pieces,  on  the  other  hand,  arc  clothed  by  a 
single  layer  of  flat,  slender,  often  spindle-shaped 
cells.  The  epithelial  lining  of  the  acini  consists  of 
typical  serous-gland  cells.  This  is  a  single  layer  \ 
of  irregular  columnar  or  cubical  cells  with  nuclei 
situated  near  their  basal  portion.  When  at  rest 
the  cytoplasm  is  filled  with  zymogen  granules 
which  are  used  up  and  largely  disappear  during  the 
process  of  secretion.  Mumps  is  a  specific  disease  i 
of  this  gland,  more  technically  known  as  parotitis. 

2.  Sublingual  Gland 
(mucous  gland) . — This 
is  really  a  collection  of 
compound  tubulo-alve- 
olar  glands.  It  is  an 
elongated  flattened  mass 
one  and  one-half  t  o 
one  and  three-quarter 
inches  in  length,  sitii- 
ated  in  the  floor  of  the 
mouth,  one  on  each  side 
of  the  median  plane,  and  limited  laterally  by  the  j 
ramus  of  the  mandible.  Its  excretory  ducts,  from  I 
ten  to  twenty  in  number,  open  separately  on  the  1 
summit  of  papilla?  visible  to  the  naked  eye,  which  | 
are  situated  just  laterally  to  the  base  of  the  frenum 
of  the  tongue. 

The  duct  system  of  the  gland  is  similar  to  that  of 
the  parotid,  with  the  exception  of  the  intercalated 
piece,  which  is  absent.  The  alveoli  are  less  tubular 
than  those  of  the  parotid  and  are  lined  by  simple 


11  ihc  (HitulitJ  gland  i 
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columnar  epithelium  with  the  nuclei  situated  at  tH 
base  of  the  cells  near  the  basement  membrane.* 
These  are  the  chief  cells  of  the  alveoh  and  they  se- 
crete mucus,  which  is  first  stored  up  in  the  cyto- 
plasm in  coarse  granules 
known  as  mucigen.  A 
second  form  of  cells,  less 
numerous,  is  found  singly 
or  in  groups  in  the  periph- 
ery of  the  alveoli  and  in 
close  apposition  to  the 
basement  membrane. 
On  account  of  their  shape 
and  position  they  are 
called  parietal  cells,  cres- 
cents of  Gianuzzi  .oT  demi- 
lunes of  Heidenhain. 
They  are  finely  granular, 
stain  red  with  eosin,  and 
are  looked  upon  by  some 
as  secreting  a  serous  fluid. 
There  are  three  theories 
as  to  their  use :  (i)  They 
niay  be  considered  as 
worn-out  chief  cells  that 
have  been  crowded  to  the  basement  membrane  after 
too  active  a  secretion.  (2)  They  may  be  considered 
as  latent  imdeveloped  cells  ready  to  take  the  place 
of  mucous  cells  that  get  lost  in  the  process  of  active 
secretion.  (3)  They  may  be  considered  as  normal 
active  cells  contributing  constantly  to  the  salivary 
secretion  in  a  way  that  is  at  present  unknown. 


I  sublingual  gland  uf 
The  demilunes  of  Heid- 
enhain are  more  deeply  shaded 
(MMKiaiski,  "AnalomischcHefle," 
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3.  Submaxillary  Gland  (mixed  gland). — ^In  man 
this  gknti  is  composed  of  tubules  having  a  serous 
secretion  and  similar  to  those  of  the  parotid  gland, 
and  tubules  with  alveolar  enlargements  like  the  sub- 
lingual gland  that  secrete  mucus.  Its  histology, 
therefore,  would  be  a  repetition  of  what  has  already 
been  described  in  the  parotid  and  sublingual  glands. 

The  submaxillary  gland  is  next  in  size  to  the  pa- 
rotid, which  it  resembles  in  color  and  lobulation.    It 


Fig.   i57.^Seclion  from  the  human  submaiiltary  gland 

is  placed  against  the  inner  surface  of  the  angle  of  the 
lower  jaw  in  close  proximity  to  the  parotid  gland. 
It  has  a  complete  firm  capsule  derived  from  the  cer- 
vical fascia.  Connective-tissue  elements  from  the 
capsule  ramify  between  the  lobes  and  lobules  of  the 
gland. 

The  submaxillary,  or  Wharton's  duct,  is  about  two 
inches  long,  passes  forward  beneath  the  mylohyoid 
muscle,  then  along  the  inner  side  of  the  sublingual 
gland  to  open  on  the  summit  of  a  small  papilla  situ- 
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ated  in  the  floor  of  the  mouth  at  the  side  of  the  fre- 
num  of  the  tongue  in  close  proximity  to  its  fellow 
of  the  other  side.  The  submaxillary  gland  of  the 
rabbit  is  a  serous  gland;  that  of  the  dog  and  cat  is 
mucous. 

The  accessory 
salivary  glands  are 
numerous  small 
glandsof  themouth 
known  according  to 
their  location  as  la- 
bial, palatine,  and 
lingual.  They  are 
mostly  glands  with 
mucous  secretions. 
Branched  tubular 
glands  with  serous 
secretion  occur  in 
the  tongue,  their 
ducts  opening  into  the  depressions  of  the  circumval- 
late  papillar. 


Fig.  l.S".  —  A  number  of  alvc'i: 
from  ihe  suhm.-iiillary  Rlanii  of  ilii 
sUitied  in  ihrDniv -silver,  shnwing  son 
oFlhcfinc  inlcrccllular  lubulcs  (llubcr). 


PANCREAS. 
The  pancreas  is  a  lobulattd  compound  racemose 
gland  analogous  in  its  structure  to  the  salivary 
glands.  It  is  situated  Iransvorsely  across  the  pos- 
terior wall  of  tile  abdomen,  so  deep  in  the  botly  and 
so  closely  associated  with  otlicr  organs  that  but 
little  is  known  of  its  diseases.  Its  length  varies 
from  six  to  eight  inches,  its  breadth  one  and  one-half 
inches  and  thickness  from  onc-Iuilf  to  one  inch.  The 
right  extremity,  or  head,  rests  in  the  concavity  of 


has  two  ducts.  One  of  these,  the  pancreatic  duci, 
or  dttf/  aj  iyirsjutg,  opens  jointly  with  the  bile  duct 
on  the  summit  of  an  elevated  papilla,  situated  at  the 
inner  side  of  the  descending  portion  of  the  duodenum. 
This  duct  extends  the  length  of  the  pancreas  and 
receives  in  its  course  the  short  ducts  from  the  various 
lobes  composing  the  gland. 
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The  second  duct,  or  duct  0}  Santorini,  loses  its 
connection  with  the  ahmentary  canal  and  comes  to 
open  into  the  duct  of  Wirsung.  It  is  a  very  short 
tube,  inferior  in  position  and  secondary  in  impor- 
tance. 

Histologically,  the  ducts  are  lined  by  a  mucous 
membrane  of  simple  columnar  epithelial  cells  that 
are  morphologically  continuous  and  analogous  with 
the  epithelial  cells  of  the  intestine.     This  mucous 


Fig.  160.  —  Scheme  showing  relalion  of  ihre^ 
excretory  duct,  illusttaling  origin  of  cenlro-af. 
DavidoS). 


membrane  is  ensheathed  by  a  coat  of  connective- 
tissue  elements,  fibers  and  cells,  all  of  which  are 
associated  with  more  or  loss  fat. 

The  acini  resemble  in  form  and  size  those  of  the 
salivary  glands.  The  parietal  cells  arc  absent.  The 
chiej  ceils  are  columnar,  the  nucleus  mar  the  base  of 
the  cell,  and  the  cytoplasm  loaded  with  zymogen 
granules.  During  physiological  activity  tlicst-  gran- 
ules are  greatly  reduced.     In  addition,  centro-acinal 
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cells  are  present.  These  are  smaller  and  flatter 
than  the  chief  cells  and  occupy  a  central  position  of 
many  acini.  They  represent  an  invagination  of  the 
neck  of  the  acinus  and  are  best  understood  by  re- 
ferring to  Fig,  1 60. 

Areas  of  Langerhans. — These  are  oval  cell  masses 
that  measure  0.2  to  0.3  mm.  They  are  found  in  the 
lobules  of  the  pancreas,  always  associated  with  the 
connective  tissue  but  having  no  connection  with  the 


pancreatic  tubules.  The  areas  are  surrounded  by  a 
rich  supply  of  coarse  capillary  blood-vessels.  The  \ 
individual  cells  are  epithelioid,  smaller  than  those 
of  the  acini,  and  finely  granular.  In  many  respects 
they  resemble  the  liver  cells.  It  is  believed  that  the 
secretions  from  these  cells  is  absorbed  by  the  blood 
and  modifies  the  distribution  and  elimination  of 
sugar.  The  areas  thus  have  a  compensatory  rela- 
tion to  the  liver  and  may  do  in  part  the  work  of  that 
organ.     A  marked  disturbance  in  these  areas  has 
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been  observed  in  diabetes,  but  whether  a  cause  ( 
consequence  is  not  known. 

LIVER. 

The  liver  is  a  larRc  compound  tubular  gland  whose 
terminal  ducts  anastomose.  In  this  respect  it  differs 
from  any  other  tjland  in  tlic  body.  It  develops  as  a 
ventral  evaj^inalion  of  the  intestinal  wall  and  in 
close  proximity  to  the  origin  of  the  pancreas,  so  that 
in  the  adult  the  ducts  of  these  two  organs  have  a 


Fig'.  l6v.— Posrcriorand  inlcri. 


s.,f  ih,   li>ir(Nancredc)- 


common  opening  at  the  apex  of  a  papilla,  as  already 
mentioned  in  the  description  of  the  pancreas.  If  an 
obstruction  occurs  at  this  opening,  it  is  possible  for 
the  pent-up  bile  to  invade  the  pancreas.  The  ven- 
tral liver  diverticulum  quickly  bifurcates  to  form 
respectively  the  right  and  left  lobes  of  the  liver. 
By  repeated  divisions  the  bile  system  of  the  organ  is 
built  up,  forming  an  elaborate  anastomosis  of  the 
finer  bile  capillaries.  It  follows,  therefore,  that  the 
liver  cells  are  genetically  related  to  the  pancreatic 
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cells  and  sister  cells  of  the  columnar  epithelium  of  j 
the  aHmcTitary  tract. 

The  fully  developed  liver  consists  of  five  lobes: 
right  lobe,  left  lobe,  quadrate,  cauJale,  and  spigelian  ' 
lobes.  Five  fissures:  umbilical,  ductus  venosus, 
transverse,  gall  bladder,  and  vena  cava  fissures.  Five 
ligaments :  ligamentum  teres  fremnant  of  the  umbilical 
vein),  falcijorm,  coronal,  and  two  lateral  ligaments. 


Fig.  l6j. — Diagram  of  livi 


The  description  of  these  structures  belongs  to  gross  j 
anatomy. 

The  liver  is  the  largest  gland  in  the  body,  weigh- 
ing from  three  to  four  pounds,  or  one-fortieth  the  j 
weight   of  the  whole  body.     It   measures  ten  to  1 
twelve  inches  in  its  transverse  diameter,  six  to  seven  | 
inches  in  its  anteroposterior,  and  about  three  inches 
thick  at  t lie  back  part  of  the  right  lobe,  which  is  the 
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thickest  part.  This  heavy  organ  is  held  in  position 
not  only  by  its  ligaments  but  by  the  abdominal  pres- 
sure, and  also  by  the  connective  tissue  of  the  vena 
cava,  which  forms  a  dorsal  fissure  between  the  right 
and  left  lobes.  '  ■ 

The  organ  is  enclosed  in  a  firm  connective-tissue 
capsule  {capsule  of  Glisson) ,  which  is  very  dense  over 
the  lower  surface  in  the  region  of  the  fissures,  par- 


ticularly the  transverse,  where  the  blood-vessels  and 
bile  duct  enter.  Septa  from  this  capsule  ramify 
between  the  IoIk-s  and  lobules,  and  finer  branches 
interlace  between  the  liver  cells,  giving  everywhere 
support  and  consistency  to  the  organ.  Here,  as  in 
every  organ,  blood-vessels,  lymph-vessels,  and  fat  arc 
associated  with  this  conneetive-tissue  fabric.  The 
ciipsule  is  closely  invested  with  periloneuui,  except- 
ing a  circular  area  bounded  by  the  coronal  ligament, 
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where  the  capsule,  and  therefore  the  liver,  is  in  direct  ■ 
apposition  with  the  lower  surface  of  the  diaphragm,  j 
The  blood  supply  of  the  liver  consists  of  the  hepatic  ■ 
artery,  and  a  branch  of  the  celiac  axis,  and  the  portal 
vein,  formed  by  the  junction  of  the  splenic  and  supe- 
rior mesenteric  veins.     The  portal  vein  is  by  far  the 
larger  vessel.     These  vessels  accompany  the  bile- 


duct,  and  wherever  one  branches  the  others  do,  even 
to  the  finer  terminations  between  the  liver  lobules. 
The  duct,  vein  and  artery  form  the  ventral  border 
of  the  foramen  p}  IVitislow.  Their  relation  at  this 
place  is,  bile  duet  to  the  right,  artery  to  the  left,  and 
vein  between  and  behind  the  other  two.  This  rela- 
tion is  an  important  one  in  the  surgery  of  these  parts. 


The  Portal  Canal. — This  consists  of  an  artery, 
bile  duct,  and  a  vein,  with  accompanying  lymphatics 
and  connective  tissue.  Sections  of  the  portal  canal 
may  be  found  between  the  liver  lobules  where  the 
vessels  are  small,  or  between  the  liver  lobes  where  the 
structures  are  large.  The  bile  duct  can  be  recog- 
nized by  the  columnar  simple  epithelium  and  the 
artery  and  vein  by  their  respective  histology.     In 


|V^^'^< 


m  (Uitlrrfascml  uf  di^  s  liver  (gutd-chlunJ  method) 
iBiihrn  and  Davidofll. 

pathological  sections,  where  the  lobules  can  no 
longer  be  recognized,  the  portal  canal  usually  re- 
mains patent  and  is  therefore  a  valuable  criterion 
in  the  identification  of  this  tissue. 

The  common  bile  duct  is  formed  by  the  junction  of 
the  hepatic  and  cystic  duels  at  the  uioutli  of  the 
transverse  fissure,  and  passes  downward  anterior  to 
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the  foramen  of  Winslow  to  open  into  the  descending 
part  of  tlic  duodenum  three  and  one-half  to  four 
inches  beyond  the  pylorus.  It  passes  obhquely 
through  the  intestinal  wall,  where  it  is  joined  by  the  , 
pancreatie  duct,  and  opens  by  a  common  orifice  on 
the  bile  papilla,  as  already  described.  The  common  I 
bile  duct  is  about  three  inches  long  and  one-quarter 
inch  in  diameter. 

The  histology  of  the  bile  ducts  resembles  that  of  the  | 
gall  bladder.     There  is  on  the  inside  a  mucous  mem- 
brane clothed  with  simple  columnar  epithelium  rest- 
ing upon  a  base- 
ment  membrane. 
Smooth  muscle 
cells  arc  found  in 
the    mcmbrana 
propria  of  the  mu- 
cosa.     The    sub- 
mucosa  is  a  nar- 
row vascular  layer 
composed  of  con- 
nective-tissue elements.     The  muscularis  consists  ot  i 
an  mner  circular  layer  and   an  outer  longitudinal 
layer  of  smooth  muscle.     On  the  outside  is  a  strong 
connective- tissue  coat  whose  fibers  are  continuous 
with  the  capsule  of  Glisson. 

The  passage  of  bile  into  the  intestine  is  not  a  pas-  ' 
sive  but  an  active  process.     The  smooth  muscle  of  , 
the  bile  duct  contracts  in  a  peristaltic  manner,  and 
the  bile  is  thus  expelled  into  the  iTitestine,  periodi- 
cally, in  jets.     This  activity  is  normally  under  con- 
trol of  the  nerves,  largely  a  reflex  action  of  the  sym- 


Fig.  i6;. — Section  of  potiul  canal  of  liver. 
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pathetic  nerves  associated  with  the  intestine.  If 
there  is  an  obstruction  to  the  free  passage  of  bile,  as 
in  the  passage  of  a  calculus,  the  musculature  of  the 
ducts  contracts  violently  and  spasmodically,  giving 
rise  to  the  characteristic  pain  of  plain  muscle  con- 
traction described  on  page  94.  If  the  obstruction 
occurs  in  the  hepatic  or  the  common  duct,  the  liver 
becomes  saturated  with  bile  which  is  absorbed  by  the 
blood,  and  jaundice  follows.  If  the  obstruction  is 
in  the  cystic  duct  the  liver  docs  not  suffer  and  there  is 
no  jaundice. 

Smaller  Excretory  Bile  Ducts  and  Gall  Bladder. — 
Small  bile  ducts  of  the  liver  begin  within  the  liver 
lobules,  where  they  form  a  complex  system  of  anas- 
tomosing channels  or  tubes  called  bile  canaliculi. 

Interlobular  Ducts. — The  bile  canaliculi  unite  to 
form  interlobular  ducts  that  lie  between  the  liver  lob- 
ules. These  unite  into  larger  and  larger  ducts  and 
converge  to  pass  out  through  the  transverse  fissure, 
where  five  or  six  ducts  are  found.  The  latter  unite 
into  two  short  main  ducts  that  drain  respectively 
from  the  right  and  left  lobes  of  the  liver. 

The  hepatic  duct  is  formed  by  the  union  of  the  two 
main  ducts  at  the  bottom  of  the  transverse  fissure 
and  thus  receives  the  bile  from  the  whole  liver.  It  is 
from  one  to  one  and  one-ciuarter  inches  in  length  and 
one-quarter  inch  in  breadth,  and  extends  downward 
from  its  origin,  taking  an  irregular  course,  to  its 
junction  with  the  cystic  duct,  which  unites  with  it  to 
form  the  common  bile  duct. 

The  gall  bladder,  with  its  cystic  duct,  is  an  evagina- 
tion  of  the  bile  duct.     The  gall  bladder  is  a  pear- 
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shaped  receptacle  for  the  retention  of  bile,  and  has  a 
fundus,  body,  and  neck.  It  is  usually  about  three 
inches  in  length  and  one  to  one  and  one-quarter 
inches  in  diameter  with  a  normal  capacity  of  one  to  ( 
one  and  one-half  fluidounces.  Structurally  it  has 
anoutercoatof  perito- 
neum, a  middle  coat 
of  connective  -tissue 
elements,  with  a  hberal 
mixture  of  smooth 
muscle  fibers,  and  an 
inner  coat  of  mucous 
membrane  raised  into 
folds  and  covered  with 
simple  columnar  epi- 
thelium. 

The  cystic  duct  begins 
at  the  neck  of  the  gall 
bladder  and  extends 
downward  to  its  junc- 
tion with  the  hepatic 
duct,  with  which  it 
forms  an  acute  angle. 
It  takes  an  irregular 
course  and  is  from  one 
and  one-quarter  to  one 
and  one-half  inches 
long;  therefore  longci 
than  the  hepatic  duct,  but  only  about  one-half  its  | 
diameter. 

Liver  Lobules.— These  are  minute  units  of  the  liver 
about  the  size  of  a  pinhead.     They  are  cylindrical 


bile    c 


—Portion  of  gall  hlaiider 
Ids:  I,  Cavify  of  gall 
■avily  of  calyx;  3.  gri>o\t 
w|uralin|{  Ihe  calyji  trcim  Ihe  bladiitr; 
4,  [ironwniciry ;  5.  superior  valve  of 
c^tlyx:  (1,  ryslic  canal;  7,  commoj 
liiledud;  8,  hepatic  duct  (Teslul). 
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or  irregularly  polyhedral  in  shape,  about  3  mra.  in 
length  and  i  mm.  in  breadth.  Their  arrangement 
is  quite  irregular  except  just  beneath  the  capsule 
where  they  usually  lie  with  their  apices  toward  the 
surface.  Each  lobule  has  a  connective-tissue  in- 
vestment in  which  the  finer  branches  of  the  portal 


Fig.  160.— Inji 


canal  ramify.     This  investment  is  particularly  del 
in  the  pig,  which  renders  the  oryan  in  this  aniid 
very  fibrous  and  tough,  quite  unfit  for  the  marln 
In  certain  chronic  liver  diseases  the  same  condition 
obtains,  when  the  organ  is  spoken  of  as  the  "hob- 
nailed" or  "nutmeg"  liver. 
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In  the  center  of  each  lobule  is  a  blood-vessel  known  ' 
as  the  intralobular  lein,  while  the  small  veins  be- 
tween the  lobules  are  called  the  interlobular  veins. 
These  two  sets  of  veins  are  connected  by  irregular 
blood  capillaries  that  radiate  from  the  periphery  of 
the  lobule  to  its  center.  They  are  typical  capillaries 
whose  walls  consist  of  but  a  single  layer  of  flattened 


1^  lalraM.»lar 


mmmm 


Fig.  170. — Human  bile  capillaries.     The  capillaries  i>f  one  lobule  ai 
seen  U>  anaslomose  with  ihiiite  of  the  adjoining  lobule  (liclow.  in  the   '1 
figure)  (chrome- silver  method)  (Bahm  and  Daviiiotl), 

endothelial  cells.  The  blood  in  the  porta]  vein  1 
passes  to  the  interlobular  veins,  then  through  the 
capillaries  to  the  intralobular  vein.  The  latter  ' 
opens  into  sublohular  veins  whicli  unite  to  form  the 
hepatic  veins,  and  these  in  turn  open  into  the  vena 
cava  just  below  the  diaphragm.  The  arterial  blood 
of  the  hepatic  artery  supplies  the  connective  tissues. 
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the  walls  of  the  bile  ducts  and  blood-vessels,  and 
doubtless  some  of  this  arterial  blood  finds  its  way 
into  the  liver  capillaries 
where  it  blends  with  the 
venous  blood  from  the 
portal  vein. 

Krora  the  center  of  each 
lobule  toward  its  periph- 
ery  irregular   strands   of 


the  iaitcr  type  orcurs  in    freely    anastomose    with 

the    humnn    adult     (Bohm    anrl  •'  ,,  . 

Davidoil).  each  other,  as  well  as  in- 

terlace between  the  blood 
capillaries.  These  arc  called  /it/iaii'c  corJi  and  con- 
sist of  double  irregular  rows  of  liver  cells.  The 
cords  constitute  the 
bile  capillaries  and 
unite  at  the  periph- 
ery of  the  lobule 
with  the  bile  ducts 
of  the  portal  canal, 
situated  between  the 
lobules.  The  bile 
capillaries,  there- 
fore,  are  very  fine 
tubes  lying  between 
the  liver  cells  that 
constitute  its  walls. 
These  tubes  anasto- 
mose freely  with 
each  other  and  are  the  terminal  endings  of  the  bile 
passages  or  its  secreting  portions.     The  liver,  as  a 


"■£, 


Fig.  i;i.— From  the  human  liver, 
showing  ihc  Vu'giniiing  of  ihe  bile  duels 
(ohroniK -silver)  (Bohm  and  Davidoff). 


DIGESTIVE   GLANDS. 


237 


gland,  thus  differs  from  all  other  glands  (i),  that  the 
secreting  tubules  anastomose,  and  (2)  that  the  wall 
of  the  secreting  portions  consists  of  but  two  cells. 

The  liver  cells 
have  no  cell  wall. 
They  are  large  poly- 
hedral or  irregular 
epithelial  cells,  con- 
taining sometimes 
two.but  usually  one, 
nucleus.  The  cyto- 
plasm is  granular, 
containing  bile  drops 
and  vacuoles.  The 
chief  function  of 
these  cells  is  twofold:  (i)  to  secrete  bile  into  the  bile 
capillaries. and  (2)  receive  and  contribute  sugar  to  the 
blood  capillaries.  In  junction  with  this  it  isatlirmed 
that  definite  cyto- 
plasmic or  intracellu- 
lar channels  exist, 
particularly  for  the 
passage  of  bile. 
These  channels  end 
in  minutedilatations 
within  the  cells,  from 
which  finer  passages 
lead  to  and  arborize 
around  the  nucleus. 
According  to  some 
investigators,  the  finer  passages  may  penetrate  the 
nucleus  and  are  then  called   intranuclear    canals. 
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Fig.  175. — Prom  piepamlioD  (rora  ihe  Uvrr  of  a  rabbit,  stunrliu 
the  so-called  stellate  cells  of  Kupacr;   a,  SicUntc  ccUsi  b,  liver  am   1 
(llubcr). 
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Whether  this  intracellular  system  is  an  artifact  due 
lo  manipulations  or  a  normal  corKlition  is  at  present 
unsettled.     In  cither  case  the  liver  cells  play  a  deli- 
cate r61e,  and  a  slight  functional  disturbance  may   1 
allow  the  bile  to  escape  to  the  blood  capillaries,  with   1 
jaundice  as  a  natural  sequel.     In  such  a  case  there  • 
may  or  may  not  be  any  pain  depending  on  the  pres- 
ence or  absence  of  an  obstruction  in  the  bile  duct. 

Stellate  Cells  0/  Kupffcr.— These  are  uniformly  J 
distributed  in  the  lobules.  The  cells  are  irregular, 
elongated,  and  end  in  two  or  three  [jointed  projec- 
tions. They  are  smaller  than  the  hepatic  cells  and  ' 
are  seen  only  after  a  special  method  of  treatment, 
According  to  Kupffer  these  cells  belong  to  the  endo- 
thelium of  the  intralobular  blood  capillaries,  and 
possess  a  phagocytic  function. 

Lastly,  each  lobule  is  interlaced  by  a  fine  reticular 
connective  fabric  that  conies  from  the  connective- 
tissue  investment  of  the  lobule.  This  gives  support 
and  consistency  to  the  lobule. 

Lymphatics  of  the  Liver.— These  may  be  divided  j 
into  (1)  the  iiitcrhbuhir  lymphatics,  which  accora* 
pany  and  in  some  places  surround  the  blood-vessels, 
and  (2)  subperitoneal  lymphatics  on  the  surface  of 
the  organ  which  in  the  upper  portions  communicate 
through  the  ligaments  with  the  thoracic  lymphatics. 

Nerves  of  the  Liver. — The  liver  receives  medullated 
fil>ers  from  the  left  pneumogastric  and  non-medul- 
lated  fibers  from  the  solar  plexus.  The  nerves  reach 
the  organ  between  the  two  layers  of  the  small  omen- 
tum and  accompany  the  portal  canal,  therefore  enter 
the  liver  at  the  transverse  fissure.     The  sympathetic 
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fibers  innervate  the  walls  of  the  blood-vessels.  The 
medullated  pass  to  the  liver  lobules  where  they  lose 
the  medullary  sheath  and  then  accompany  the  he- 
patic cords  or  bile  capillaries  to  ramify  ultimately 
between  and  around  the  liver  cells. 


CHAPTER  VI. 

ORGANS  OF  RESPIRATION  AND  THYROID 
GLAND. 

The  organs  of  respiration  comprise  the  larynx,  J 
trachea,  bronchi  and  lungs.  More  than  forty  peri 
cent,  of  all  deaths  are  directly  due  to  diseases  of  this  I 
tract,  which  renders  a  thorough  knowledge  of  this  I 
system  of  primary  importance.  These  organs  de-  I 
velop  as  a  ventral  median  outgrowth  of  the  fore-gut, 
and  the  mucous  epithelium  is  therefore  derived  from  I 
the  entoderm.  The  primitive  connection  with  the  ] 
alimentary  canal  is  maintained  in  the  adult,  the  upper  I 
extremity  of  the  larynx  opening  on  the  anterior  wall  ] 
of  the  pharynx. 

THE  LARYNX. 

The  larynx  in  the  male  averages  44  mm.  in  length, 
43  mm.    transverse   diameter,   and   36  mm.   antero-  i 
posterior  diameter.     In  the  female  these  dimensions  I 
are  36  by  41  by  26  mm.     It  is  a  cartilaginous  mus- 
cular tube  that  contains  the  Iv/o  vocal  cords,  the  latter  | 
being  transverse  folds  of  mucous  membranes. 

In  the  wall  are  three  single  symmetrical  cartilages, 
the  thyroid,  cricoid,  and  cartilage  of  the  epiglottis;  and 
three  pairs,  namely,  two  arytenoids,  two  corniculee 
laryngis  (cartilages  of  Santorini),  and  two  cuneijorm, 
making  in  all  nine  pieces.     The  two  last  pairs  are  v 
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small,  while  only  the  thyroid  and  crieoid  are  visible 
on  the  front  and  sides  of  the  larynx.  The  cartilage 
of  the  epiglottis,  the  arytenoids,  the  comiculse  laryn- 


A,  Hyoid  bonp,  wilh  a  ira  grealcr, 
and  a' ils  lesser  ci>rnu»;  1-5,  lica- 
menls;  6,  lalctalrritoihyroiiiariir- 
ulalion;  7,  junclion  nf  cricoid  and 
Irachca  (Tulul). 


gis,  are  of  the  elastic  or  yellow  fibrous  variety  and  dff 
not  tend  to  ossify  with  age.  The  rest  are  composed  of 
the  hyahne  cartilage,  which  tends  to  ossify  with  age. 
Many  pairs  of  muscle  control  the  manipulation  of 
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these   cartilages,    regulating    the    vocal   cords  and 
modulating  the  voice. 
The  mucous  membrane  of  the  larynx  is  continuous 


with  that  of  the  mouth  and  particularly  sensitive 
about  the  upper  part  above  the  glottis.     This  niu- 
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cous  membrane  is  covered  in  the  greater  psul  erf  its 
extent  with  stratified  columnar  ciliated  q)ithe1iuin. 
The  cilia  are  fomid  higher  up  the  frtmt  wall  than  on 
each  side,  reaching  in  the  former  to  the  base  of  the 
epiglottis  and  at  the  sides  to  a  point  just  above  the 
false  vocal  cords.  Above  these  points  the  epithelium 
is  stratified  squamous,  like  that  of  the  phar^^ix. 
Upon  the  true  vo- 
cal cords  the  eiri- 
thelium  is  also 
stratified  squa-i 
mo  us.  Mucous 
glands  are  found 
everywhere  in 
this  membrane 
but  are  particu- 
larly abundant 
upon  the  epiglot- 
tis. 


Fig.  iSo. — Diagram  lo  illustrale  the 
thyro-.trytcnoid  muscles;  Ihe  figure  repre- 
sents B  transverse  section  of  the  larynx 
through  the  bases  of  the  arytenoid  carti- 
lages: Ary,  arytenoid  cartilage;  p-fi  proc- 
essus muscularis;  p.v,  processus  vocalis; 
Th,  thyroid  cartilage;  c.ti,  vocal  cords;  Oe 
is  planKl  in  the  esophagus;  mJhy,ar.i,  in- 
ternal thyro-arytcniiia  muscle;  m.thy.ar.t,  ex- 
ternal lhyro-ar>'tenoid  muscle;  Bt.thy.aT.ep, 
part  of  the  thyro-ary-ep[glottic  muscle,  cut 
more  or  less  transversely;  m.ar.l,  transverse 
arj'tenoid   muscle.     (Redrawn  from  Foster.) 


The  membrana 
propria,  on  which 
the  epithelial  cells 
rest,  is  not  only 
very  vascular  but 
has  a  rich  supply 
of  clastic  fibers 
and  other  connective-tissue  elements.  It  is  this  tis- 
sue that  becomes  edematous  and  greatly  swollen  in 
infections,  such  as  diphtheria.  This  is  nature's 
method  of  eliminating  the  disease,  with,  however,  the 
accompanying  danger  of  suffocation. 

The  vocal  cords  are  transverse  elastic  ligaments 
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covered  with  a  very  thin  mucous  membrane.  They 
are  attached  anteriorly  to  the  thyroid  cartilage, 
close  to  each  other,  and  diverge  posteriorly  to  their 
attachment  in  the  arytenoid  cartilages.  The  glottis 
is  the  slit-like  opening  between  the  vocal  cords, 

THE  THYROID  GLAND. 

The  thyroid  gland  is  not  a  part  of  the  respiratory 
tract,  but  it  is  so  closely  associated  with  this  tract  in 
development  and  in  position  that  it  seems  advisable 
to    describe  the 

organ  in    this  V"«- 

place.  The  gland 
is  a  highly  vas- 
cular body  con- 
sisting of  two  /ti(- 
eral  lobes  and 
connected  by  a 
transverse  bar, 
theisthmus.  The 
rudiments  of  the 
lobes  develop 
from  the  epithe- 
lium of  the  fourth  gill  cleft,  while  the  isthmus  and  a 
large  part  of  the  lobes  come  from  the  floor  of  the 
mouth,  the  thyroglossus  duct  at  the  base  of  the 
tongue  being  a  remnant  of  this  origin.  The  gland 
is  therefore  an  epithelial  organ  derived  from  the  ento- 
derm. 

In  position  the  gland  lies  low  down  in  the  neck 
and  in  close  apposition  to  the  trachea.  The  isthmus 
crosses  in  front  of  the  trachea  and  covers  the  second 


fig.  1 
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and  third  cartilage  ring.  The  lateral  lobes  are  closely, 
applied  to  tlie  sides  of  the  trachea  and  extend  up- 
ward to  cover  the  lower  part  of  the  thyroid  cartilage. 
Each  lobe  measures  about  two  inches  in  length,  one 
and  one-quarter  inches  in  breadth,  and  one-half  inch 
in  depth.  The  gland,  however,  is  subject  to  great 
variations  both  in  size,  form,  and  position.  It  is  gen- 
erally larger  in  females,  and  appears  to  undergo  a 
periodic  enlargement  diuing  each  menstruation.  It 
reaches  its  maxi- 
iftMSSffiL  r^  mum  growth  at  pu- 

W''^^'Pf''»f^  /%  berty,    and  is    fre- 

■#  m     :^     -ych  quently    much    di- 

<^  minished  in  size  in 

old  age. 
^r,  ^-SL  M  S^    "  ""         Structure.— The 


\  f^^^Tf?*^  thyroid  gland  is  in- 

Xi^   ^-^^^^^^A  vested    by    a    thin 

r-  layer  of  areolar  tis- 

?*  sue  which  not  only 

^  »    "v  binds  it  fast  to  the 

trachea,  but  divides 
K    **  poss  srr-      it  into  Small  lobules 

of  irregular  size  and 
form.     It  is  a  duct- 
le     t,  and    on        ng  of  ep   helial  vesicles  varying  in 
bfono        no         nn  diameter.     These  vesi- 
cl       a  a  1        fo      an  1  are  grouped  and  held  to- 

gether by  areolar  connective  tissue  in  which  many 
blood-vessels  ramify.  These  vesicles  are  generally 
filled  with  colloid  suhslance,  a  yellow  viscid  fluid,  that 
in  sections  stains  a  yellowish  red  with  eosin.  Theyare 


ORGANS   OF   RESPIRATION. 


237 


lined  by  a  simple  cubical  epithelium  made  up  of  two 
kinds  of  cells,  (i)  a  smaller  number  of  colloid  cells 
engaged  in  the  production  of  colloid,  and  (2)  inter- 
vening chief  cells  which  replace  the  former  in  case 
they  are  lost,  It  is  aflirmed  by  some  that  the  two 
kinds  of  cells  represent  merely  different  stages  of 
secretion. 

The  thyroid,  being  an  epithelial  organ,  may  be  the 
seat  of  a  cancer.  Goiter  is  a  more  common  thyroid 
tumor,  consisting  of  accumulations  within  its  vesi- 
cles of  colloid  substance;  or  an  increase  of  the  con- 
nective-tissue elements;  or  a  multiplication  of  the 
thyroid  vesicles.  Removal  of  the  thyroid  produces 
myxedema,  while  a  congenital  absence  of  the  gland 
is  the  cause  of  cretinism.  In  the  latter  case,  thyroid 
extract,  regularly  administered,  will  establish  a  nor- 
mal growth  of  the  child.  In  exophthalmic  goiter  the 
thyroid  gland  is  enlarged,  but  in  this  case  the  en- 
larged thyroid  is  a  symptom  of  a  more  general  disease 
involving  other  organs  and  systems.  The  thyroid 
gland  may  be  removed  and  grafted  almost  anywhere 
in  the  body.  It  will  readily  grow  in  its  new  position 
and  assume  its  normal  function  with  good  results. 

Vessels  and  Nerves.^The  arteries  of  the  thyroid 
gland  are  the  superior  and  injerivr  thyroid  arteries  on 
each  side,  to  which  is  sometimes  added  a  fifth  vessel, 
the  Ihyroidea  into.  The  organ  has,  therefore,  a  very 
rich  supply  of  blood.  The  smaller  vessels  and  capil- 
laries ramify  in  the  connective-tissue  elements  be- 
tween the  gland  vesicles.  The  veins,  which  arc  also 
large,  form  an  extensive  plexus  near  the  surface  of 
the  gland,  from  which  a  superior,  middle.and  inferior 
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vein  are  formed  on  each  side.  Extensive  lymphatics 
accompany  the  blood  system.  The  nerves  are  derived 
from  the  middle  and  inferior  cervical  ganglia  of  the 
sympathetic.  They  accompany  the  blood-vessels, 
whose  walls  they  innervate,  sending  also  branches 
that  extend  close  to  the  base  of  the  epithelial  cells. 

PARATHYROIDS. 
The  parathyroids  are  two  flattened  bodies,  one- 
fourth  to  one-half  inch  in  diameter,  that  are  con- 


stantly  present  and  placed  in  close  proximity  to  the 
upper  and  posterior  surface  of  the  lobes  of  the  thy- 
roid gland.  They  consist  of  solid  masses  of  epithelial 
cells.  Lymphoid  follicles  are  usually  closely  asso- 
ciated with  these  masses.  The  function  of  these 
little  bodies  is  not  known;  however,  if  the  thyroid 
gland  be  removed  and  the  parathyroid  left,  the  effect 
of  a  complete  thyroidectomy  is  not  obtained. 
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THE  TRACHEA  AND  BRONCHI. 
The  trachea  extends  from  the  cricoid  cartilage,  a 
pouit  opposite  the  lower  border  of  the  sixth  cervical 
vertebra,  to  the  level  of  the  intervertebral  disc  be- 


Thyroid  cartilage. 


Epartertal 
bronchus. 


Crico-thyroid  membrane, 

^  Criioid  lartilage. 
i^  Thyroid  gland. 


tlyparterial  bronchus. 

Fig.   184. — The  trachea  and  bronchi. 

tween  the  fourth  and  fifth  dorsal  vertebrae,  extend- 
ing therefore  one  to  two  inches  into  the  chest.     The 
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trachea  measures  from  four  tn  four  and  one-lnU 
inches  in  length,  and  three-fourths  to  one  indi  in 
width.  It  IS  smallest  at  its  commenoeiiwntt  uidt 
although  quite  uniform  in  its  dimen^ons,  is  usually  a 

little  wider  midway  between  its  two  ends. 

At  the  lower  end  the  trachea  bifurcates  to  form 
the  right  and  left  bronchi,  which  pass  each  to  the  root 
of  the  corresponding 
lung.  The  right  bnm- 
chus  is  larger  than 
the  left  and  more 
nearly  vertical,  sothat 
in  looking  down  the 
trachea  more  of  the 
right  than  of  the  left 
bronchus  can  be  seen. 
The  right  bronchus  di- 
vides into  branches, 
one  to  each  root  of 
the  three  lobes  of  the 
right  lung,  while  the 
left  gives  off  two 
branches,  one  to  each 
lobe  of  the  left  lung. 
"f  LiuiiiNi,  Structure.— In  the 

wall  of  the  trachea 
llinr  lire  ficiiii  sixteen  to  twenty  C-shaped  cartilage 
tiiiK'-Muil  iiiiikf  ii  lillli'inore  than  two-thirdsof  acir- 
tlr.  'I'lii-  iiiitcr  ^illrfiK•^■  of  these  cartilages  is  flat,  but 
(lir  liiiii'i  Miil'iiiT  iseniivi'X  from  above  downward,  so 
lis  Ir)  nWf  v;iciilt'i  thickness  in  the  middle  than  at  the 
olfiEcs.    Tlie  eitrl  Huge  is  of  the  hyaline  variety  and  is 
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enclosed  in  a  periosteum.  The  cartilage  rings  are  held  ' 
together  by  a  strong  elastic  fibrous  tissue,  which  not 
only  occupies  the  space  between  them  but  is  pro- 
longed over  their  surfaces,  so  that  each  ring  appears 
imbedded  in  this  tissue.  Each  cartilage  terminates 
abruptly  behind  by  rounded  ends,  between  which 


Fig.  l86.^TTanHvetae 


stretches  a  thin  layer  of  smooth  muscle  tissue.  This 
muscle  not  only  unites  the  ends  but  is  also  found  in 
the  intervening  space  between  the  cartilage  rings, 
along  the  posterior  wall  of  the  trachea.  Outside  of 
the  transverse  fibers  are  a  few  fasciculi  having  a  lon- 
gitudinal direction. 

The  cartilage  rings  of  the  bronchi  resemble  tliose 
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of  the  trachea  in  being  incomplete  behind.  The 
right  bronchus  has  from  six  to  eight  rings,  while  the 
left  has  from  nine  to  twelve.  The  left  bronchus  is 
longer  but  narrower. 

The  mticous  membrane  is  smooth  and  contains  a 
considerable  amount  of  lymphoid  tissue  and  many 
mucous  glands.  The  epithelial  lining  consists* of 
long  columnar  ciHated  cells,  often  very  irregular  and 
even  branched  at  their  fixed  ends.  One  or  two  rows 
of  small  irregular  cells  intervene  between  the  basal 
ends  of  the  ciliated  cells,  and  this  epithelium  is 
therefore  stratified  although  very  thin.  The  cells 
rest  upon  a  basement  membrane  through  which 
nerves  pass  to  reach  the  sensitive  epithelium.  Ex- 
ternal to  the  basement  membrane,  in  what  consti- 
tutes the  membrana  propria,  there  is  a  strong  layer 
of  longitudinal  elastic  fibers.  This  tissue  extends 
the  whole  length  of  the  air  passages,  and  gives  not 
only  great  elasticity  but  is  an  obstruction  to  invading 
bacteria.  A  vascular  submucosa,  not  very  exten- 
sive, intervenes  between  the  mucosa  and  the  carti- 
lage. In  this  may  be  found  the  bodies  of  small  race- 
mose mucous  glands,  the  largest  being  in  the  poste- 
rior wall.  The  excretory  ducts  of  these  glands  open 
on  the  inner  surface.  Lymphoid  tissue  is  present 
both  in  the  mucosa  and  the  submucosa. 

THE  LUNG. 

The  Imigs  occupy  the  greater  part  of  the  chest 

cavity,  of  which  they  form  an  accurate  mould.     The 

right  lung  is  the  larger  and  has  three  lobes,  while  the 

left  has  two.     Each  lung  is  suspended  freely  in  this 
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cavity  and  is  attached  only  by  a  small  part  of  its 
flattened  or  mesial  surface  called  the  root.  The 
outer  surface  of  each  lung  is  covered  by  a  serous 
membrane,  the  visceral  pleura,  which  is  reflected 
over  the  chest  wall,  where  it  is  called  the  parietal 
pleura.  The  histology  of  the  pleura  is  identical  with 
that  of  the  peritoneum. 

Each  lobe  has  one  bronchus  which  divides  rapidly 
into  smaller  bronchi.  The  latter,  instead  of  having 
cartilage  rings,  are  supplied  with  small  cartilage 
plates.  These  plates  are  not  present  in  bronchi 
whose  diameters  are  less  than  o.i  mm.  Mucous 
glands  are  rather  numerous  but  also  disappear  in 
bronchi  less  than  o.i  mm.  in  diameter.  These 
smaller  bronchi  differ  further  from  the  larger  ones 
in  having  a  circular  layer  of  smooth  muscle  that  in- 
tervenes between  the  cartilage  plates  and  the  mucous 
membrane.  The  contraction  of  this  muscle  reduces 
the  caliber  of  the  smaller  bronchi  and  thus  regulates 
the  amount  of  air  that  passes  to  the  lung  tissue.  In 
asthma  there  is  a  spasmodic  or  more  or  less  chronic 
contraction  of  this  muscle  tissue,  which  causes  diffi- 
culty in  breathing.  The  air  js  forced  through  the 
narrow  tubes,  and  this  brings  about  a  dilatation  of 
the  terminal  passages  and  a  hypertrophy  of  the 
chest  muscles,  the  latter  being  due  to  the  forced 
efforts  in  securing  sufficient  air.  Asthmatic  patients, 
therefore,  have  resonant  lungs  and  usually  an  en- 
larged chest.  The  primary  trouble  in  this  disease 
is  not  in  tliis  smooth  muscle  tissue,  but  seems  to 
involve  the  nervous  system  and  the  innervating 
nerves.     Smooth  muscle  is  present  in  all  the  bronchi, 
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even  in  the  smallest  tubes  whose  diameters  measm 
0.2  mm. 

Structure  of  the  Lung. — Tlie  structure  of  the 
smaller  bronchi,  which  form  a  part  of  the  lung  tis- 
sue, has  just  been  described.  Our  knowledge  of  the 
terminal  air  passages  has  recently  been  greatly  in- 
creased by  the  work  of  Dr.  Miller,  of  the  University 
of  Wisconsin,  whose  account  will  be  followed.  The 
smallest  bronchioles,  whose  diameters  are  0.2  mm., 
are  called  terminal,  or  respiratory  bronchi.     In  these 
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tubes  the  character  of  the  epithelial  lining  changes. 
Patches  of  small  pavement  epithelial  cells  appear 
among  the  ciliated  cells,  while  at  the  end  of  the  res- 
piratory bronchus  all  are  of  the  pavement  variety. 
At  this  point  the  tube,  slightly  dilated,  opens  into 
three  to  six  distinct  chambers  called  atria.  Each 
atrium  opens  into  a  variable  number  (2  to  ,s)  of 
larger  irregular  spaces  called  air  sacs,  the  walls  of 
which  have  concave  spherical  depressions  called  aii 
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cells,  or  alveoli.  Simple  pavement  epithelium  lines 
the  atria  and  air  sacs,  consisting  of  two  varieties  of 
cells;  (i)  small  nucleated  elements,  and  (2)  larger 
non-nucleated  plates.  The  latter  Hne  the  alveoli 
and  are  applied  directly  against  the  blood  capillaries, 
while  the  nucleated  elements  intervene  at  the  free 
margin  of  the  alveoh.  Before  birth  the  air  sacs  are 
collapsed  and  all  the  pavement  cpithehura  is  com- 
posed of  nucleated  cells.  With  the  first  breath  of 
air  the  air  sacs  become  distended,  not  uniformly, 
but  to  form  vesiculated  walls,  the  small  vesicles  being 
the  alveoli.  The  walls  of  the  latter  suffer  greater 
distention,  due  to  a  less  resistance  offered  by  the 
opposing  blood  capillaries,  and  the  nucleated  cells  in 
this  region  become  changed  to  non-nucleated  plates, 
through  which  an  exchange  of  gases  takes  place  dur- 
ing the  functional  activity  of  the  lung.  The  atria 
and  air  sacs  vary  in  size  according  to  their  distention 
with  air.  An  average  diameter  is  1.0  mm.  for  the 
atria,  and  i.o  by  1.5  mm.  for  the  air  sacs.  Each  air 
sac  has  from  six  to  eight  air  cells,  or  alveoli,  that  also 
vary  greatly  in  size,  an  average  diameter  being  0.25 
mm.  One  system  of  atria  and  air  sacs  constitute  a 
lobule  and  is  separated  from  adjacent  lobules  by  in- 
tervening areolar  tissue.  The  base  of  each  lobule  is 
directed  toward  the  surface  of  the  lung  and  the  apex 
towards  its  root.  These  lobules  can  be  seen  in  a  \ 
macroscopic  surface  examination  of  the  lung. 

The  elastic  fibers  of  the  membrana  propria,  de- 
scribed in  the  wall  of  the  trachea  and  bronchi,  ex- 
tend to  the  distal  end  of  the  air  passages,  where  they 
spread  put  to  form  a  thin  reticular  fabric  just  ex- 
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ternal  to  the  pavement  epithelium,  giving  great 
elasticity  to  the  air  sacs  and  functions  in  the  expul- 
sion of  air  during  normal  breathing.  Tlie  term  in- 
jundibulum  is  sometimes  applied  to  the  distal  air 
passage  lined  by  pavement  epithelium. 

The  following  is  a  r^sumd  of  the  tissues  found  in 
the  walls  of  the  respiratory  passages: 


1,  Epithelium  extends  the  whole  length.  In  the 
trachea  and  bronchi  this  is  stratified  cihatcd.  In  the 
atrium  and  air  sacs  it  is  simple  pavement  and  made 
up  of  two  kinds  of  cells,  namely,  nucleated  and  non- 
uucleated. 

2.  Elastic  fibers  extend  the  whole  length.     In  t 
respiratory  parts  the  fibers  form  a  reticuliun  ji 
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external  to  the  pavement  epithelium  and  give  elas- 
ticity to  the  limg  tissue. 

3.  Mucous  glands  are  fotmd  in  the  walls  of  the  large 
passages  down  to  tubes  i  .0  mm.  in  diameter. 

4.  Cartilage  is  found  in  the  trachea  and  bronchi 
down  to  tubes  i  .0  mm.  in  diameter.  In  the  trachea 
and  larger  bronchi  the  cartilage  forms   C-shaped 

rings,  while  in  the 
smaller  tubes  the  car- 
tilage  appears  in 
plates. 

5.  Smooth  muscle  is 
found  in  the  larger 
passages  down  to 
tubes  0.2  mm.  in  di- 
ameter, or  down  to 
the  respiratory  parts. 
In  the  trachea  and  the 
larger  bronchi  this 
muscle  is  placed  in  the 
posterior  wall  and  be- 
tween the  ends  of  the 
cartilage  rings.  In 
the  smaller  bronchi  it  forms  a  circular  layer  between 
the  lining  epithelium  and  the  cartilage  plates.    • 

Blood  Supply. — The  lungs,  like  the  liver,  receive 
blood  from  two  sources,  arterial  blood  through  the 
bronchial  vessels,  and  venous  blood  through  the  pul- 
monary artery.  The  bronchial  arteries,  from  one  to 
three  for  each  lung,  are  much  smaller  than  the  pul- 
monary vessels,  and  carry  blood  for  the  nutrition  of 
the  lung.    They  arise  from  the  aorta  or  from  an 


Fig.  191. — Scheme  of  lung  lobule 
(after  Miller):  h,  r.,  respiratory 
bronchiole;  d,  al.,  alveolar  duct  (ter- 
minal bronchus);  a,  a,  a,  atria;  s,  al., 
air  sacs;  a,  p.,  air-cells  or  alveoli. 
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intercostal  artery  and  follow  the  bronchial  tubes 
through  the  lung,  to  be  ultimately  distributed  in 
three  ways:  i.  They  supply  the  bronchial  lymph 
glands,  the  coats  of  the  large  blood-vessels,  and  the 
walls  of  the  bronchial  tubes,  forming  in  the  latter 
an  outer  and  an  inner  plexus  for  the  irrigation  of  the 
muscle  coat  and  the  mucous  membrane.  2.  They 
supply  the  interlobular  areo- 
lar tissue;  and  3,  They  spread 
out  over  the  surface  of  the  lung 
beneath  the  pleura.  The 
bronchial  veins  do  not  have  so 
extensive  a  distribution  be 
cause  some  of  the  blood  sup- 
plied by  the  bronchial  arteries 
returns  by  the  pulmonary 
veins.  The  superficial  and 
deep  set  of  bronchia!  veins 
unite  at  the  root  of  the  hmg 
to  drain  on  the  right  side  into 
the  large  azygos  and  on  the 
left  into  the  left  upper  azygos 
vein. 

The  pulmonary  artery, 
which  supplies  the  venous 
blood,  is  a  very  large  vessel 
that   gives   branches   to  each 

lobe  of  the  two  lungs.  The  relation  of  the  pul- 
monary artery  to  the  bronchi  is  different  on  the  two 
sides.  On  the  right  side  the  first  branch  of  the  pul- 
monary artery  turns  backward  below  the  bronchus 
of  the  upper  lobe,  and  then  passes  along  the  posterior 


Fig.  i.)2.-RL-.nnstruc. 
lion  in  wax  of  a  single  alri- 
um  and  sir  aac  with  the 
alveoli:  V,  Surface  where 
atrium  was  cut  from  alveolar 
duct;  P,  cut  surface,  where 
BDoIher  air  sac  was  tc- 
movcd;  A,  atrium;  S,  air 
sac  with  air  cells  (ahToli) 
(after  Miller). 
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surface  of  this  bronchus.  On  the  left  side  the  corre* 
spending  artery  turns  backward  above  the  level  of 
the  first  bronchial  branch.  The  bronchus  to  the 
upper  lobe  -of  the  right  lung  is  therefore  called  an 
eparierial  bronchus.  All  the  other  bronchi  are  be- 
low their  respective  arteries  and  are  called  kyparterial 
bronchi.  Because  of  these  relations  it  is  believed 
that  the  upper  lobe  of  the  right  lung  has  no  homo- 
loguc  on  the  left  side,  and  that  the  middle  lobe  on 
the  right  side  is  homologous  to  the  upper  lobe  on  the 
left.  The  pulmonary  ar- 
tery divides  with  the 
bronchi  and  closely  ac- 
companies them  along 
their  posterior  or  superior 
walls.  The  correspond- 
ing veins  pass  along  the 
anterior  or  inferior  walls. 
These  blood-vessels  are 
very  large,  often  as  large 
as  the  bronchial  tubes, 
but  in  no  case  do  they 
supply  blood  to  the  walls 
of  the  bronchi.  At  the  apex  of  the  pulmonary 
lobule,  the  pulmonary  artery  breaks  up  into  several 
small  twigs,  one  for  each  antrum,  supplying  blood 
to  an  extensive  capillary  plexus  that  spreads  over 
the  surface  of  atria  and  air  sacs.  The  capillary 
meshes  are  very  dense,  and  the  capillary  lubes  very 
large,  so  that  the  intcr^'cning  spaces  arc  liarely  wider 
than  the  capillaries  themselves.  Because  of  the  large 
size  of  the  lung  capillaries  it  is  possible  for  fine 
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shreds  from  a  blood  clot,  or  emboli  in  the  blood,  to 
filter  through  and  reach  the  left  side  of  the  heart  by 
the  pulmonary  veins.  If  so,  these  emboli  are 
quickly  carried  by  the  blood  current  around  the 
aorta  and  up  the  right  carotid,  as  the  latter  is  the 
most  direct  route.  This  course  takes  them  to  the 
right  side  of  the  brain,  in  which  the  capillaries  are 
narrow,  and  where  the  emboli  lodge  often  with  fatal 
results.  Such  emboli  or  shreds  of  blood  clots  pri- 
marily enter  the  venous  system  at  the  seat  of  a  bone 
fracture,  or  in  the  walls  of  the  uterus  after  parturi- 
tion, or  from  clots  of  blood  anywhere  in  the  system. 

The  pulmonary  veins  carry  blood  from  the  pul- 
monary capillary  plexus.  Each  venous  radicle 
drains  an  area  corresponding  to  several  air  cells  or 
alveoli.  At  first  these  small  veins  take  an  inde- 
pendent course  in  the  interlobular  tissue,  but  after 
they  have  attained  a  certain  size  they  accompany 
the  arteries  and  the  bronchi,  and,  as  a  rule,  along  tlie 
lower  and  front  aspect  of  the  latter.  At  the  root  of 
the  lung  there  are  formed  two  pulmonary  veins  on 
each  side  which  open  separately  into  the  left  auricle. 
The  pulmonary  veins  have  no  valves,  and  imlike  the 
veins  of  other  organs  are  more  capacious  than  their  1 
corresponding  arteries. 

Lyraphatics.^The  lymphatics  of  the  lung  are  very  J 
extensive  and  accompany  the  two  blood  systems.  1 
We   may   therefore    divide   them   into  two  sets,   a  ' 
bronchial  and  an  alveolar.     The  bronchial  consists  of 
an  elaborate,  fine  plexus  that  ramifies  through  the 
mucosa  and  submucosa  of  the  bronchial  tubes.     This 
set  anastomoses  freely  with  a  second  plexus  just  ex- 
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ternal  to  the  smooth  circular  muscle  layer  of  the 
bronchi.  Lymph  nodes  are  interpolated  every- 
where in  these  plexuses.  Just  beneath  the  pleura, 
all  over  the  surface  of  the  lung,  l3rmphatics  ramify 
and  drain  toward  the  root  of  the  lung,  where  they 
join  the  lymphatics  located  in  the  bronchial  walls. 

The  alveolar  set  accompany  the  pulmonary  vessels. 
These  lymphatics  have  their  origin  in  a  plexus  that 
surrounds  the  respiratory  or  alveolar  portions  of  the 
lungs,  and  then  accompanies  the  pulmonary  arteries 
and  veins  along  the  external  surfaces  of  the  bronchial 
tubes  to  the  root  of  the  lungs,  where  they  ultimately 
unite  with  the  bronchial  lymphatics.  While  lym- 
phatic nodes  are  present  everywhere,  they  are  par- 
ticularly abundant  at  the  root  of  the  lung.  As 
tuberculosis  spreads  along  the  lymphatics,  the  dif- 
ferent clinical  aspects  of  this  disease  depend  to  a 
considerable  extent  on  which  of  these  systems  be- 
comes involved. 

Nerves. — ^The  nerves  of  the  lung  come  from  the 
pneumogastric  and  the  sympathetic,  and  are  made 
up  of  meduUated  and  non-meduUated  fibers.  They 
enter  at  the  root  of  the  lung  and  accompany  the 
blood-vessels  to  the  terminal  air  passages,  where 
they  arborize  about  the  lung  alveoli  just  external  to 
the  epithelial  lining.  Many  nerve  ganglia  are  located 
along  their  course  and  many  fine  fibers  are  given  off 
that  innervate  the  musculature  and  epithelial  lining 
of  the  bronchial  tubes  and  the  walls  of  the  blood- 
vessels. 


CHAPTER  VII. 

THE  URINARY  ORGANS. 

The  following  organs  will  be  considered  under  this   i 
topic:  Suprarenal  glands,  Kidney,  Ureter,  and  Blad- 
der.   The    urethra    will    be   described    jn   connection   i 
with  the  generative  organs. 

THE  SUPRARENAL  GLANDS. 

The  siiprarenals,  morphologically,  belong  to  the 
nervous  system,  but  their  close  proximity  to  the  i 
kidneys  makes  it  advisable  to  describe  them  here. 
They  are  two  triangular  flattened  organs  covered 
with  fat  that  lie  one  on  either  side  of  the  spine,  in 
close  proximity  to  the  upper  kidney  border.  The  left 
one  is  slightly  larger  and  measures  from  one  and 
one-fourth  to  one  and  one-half  inches  from  above 
downward,  one  and  one-fourth  inches  from  side  to  ' 
side,  and  one-sixth  to  one-eighth  inch  in  thickness,  i 

Emhryologically,   the  organs  consist  of  a   cortical  \ 
part  that  develops  in  connection  with  the  Wolffian  * 
body  and  therefore  comes  from  the  mesoderm,  and  a 
medulla   which   is   associated   with   the   sympathetic 
nervous  system  and  is  derived,  at  least  in  part,  from 
the  ectoderm.     The  medulla  decomposes  very  rapid- 
ly after  death,  and  the  organ  then  resembles  a  cap-  ' 
sule;  hence  the  name,  suprarenal  capsule,  is  often 
used. 
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Each  suprarenal  is  invested  in  a  fibrous  capsule  and 
a  liberal  supply  of  fat.  The  capsule  contains  many 
clastic  fibers  and  some  smooth  muscle  cells. 

The  cortex  shows  a  radial  structure  and  has  been 
divided  into  three  zones,  which  are  not  very  well  de- 
fined. 

I,  The  zona  glomerulosa,  next  to  the  capsule,  con- 
sists of  a  row  of  columnar  epithelial  cells  folded  in 
such  a  way  as  to  form  oval  bodies  or  elongated  heads 
separated  bystrands  of  connective  tissue  from  thecap- 
sule.  The  oval  nuclei  are  in  the  middle  of  the  cells. 
2.  The  zona 
fascicvlata  makes 
up  the  larger  por- 
"■>  tion  of  the  cortex 
and  consists  of 
anastomosing  col- 
umns of  epithelial 
cells,  a  continua- 
— Cross  setiion  of  sui)rarenal  gland  (Jon  of  the  zona 
of  man. 

glo  mer  ulosa. 
Each  column  has  two  rows  of  polygonal  cells  that  are 
smaller  than  those  of  the  glomerula'. 

3.  The  zona  reticularis  borders  on  the  medulla. 
Here  the  columns  anastomose  and  freely  interlace. 
The  cells  resemble  those  of  the  fasciculata.  Con- 
nective tissue  ramify  between  the  columns,  hence 
the  radial  appearance  of  the  cortex. 

The  medulla  is  coarsely  vascular.  The  cells  are 
smaller  than  those  of  the  cortex  and  are  Ljroiipcd  in 
round  or  oval  masses.  These  cells  are  finely  gran- 
ular, often  pigmented,  and  stain    a  brown  color. 
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Numerous  ganglion  cells  are  present  and  many  nerve 
fibers. 

Blood-vessels  - — Each  suprarenal  gland  receives 
three  arteries, — one  each  from  the  aorta,  the  plirenic, 
and  the  renal.  The  arteries  break  up  into  small 
branches,  most  of  winch  tnttr  the  medulla  through 
the  hilum,     Some  branches  ramifv  m  the  capsule 


suprarenal  gland  of  dog. 

and  from  there  enter  the  cortex,  where  they  form 
capillaries  around  the  columns  of  epithelial  cells. 
Those  that  enter  the  medulla  form  a  coarse  plexus 
in  this  part,  and  then  send  smaller  capillaries  into  the 
cortex  to  anastomose  with  those  from  the  capsule. 
The  veins  pass  out  from  the  center,  usually  one  from 
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each  organ.     The  vein  from  the  right  suprarenal  1 
enters  the  vena  cava,  while  that  from  the  left  empties  1 
into  the  renal.     Lymphatics  accompany  the  blood- 
vessels. 


Fig.  196- — Arrangemcm  of  the  inlrinsic  blcxnl-veasel:-  in  ihcc-irli 
medulla  of  the  dog's  adrenal  (Fii;.  1 7,  Plate  V,  of  Flint's  anirle  in ' 
tribulions  to  the  Science  of  Medicine,"  dedicated  to  ProCcssor  Web 
1900). 


The  nerves  are  exceedingly  numerous  and  come^ 
from  the  solar  and  renal  plexuses  of  the  sympathetic, C 
and  medullatcd  fibers  from  the  phrenic  and  pneumo- 1 
gastric.  They  ramify  freely  among  the  ganglionic  I 
cells  of  the  medulla  and  between  the  cells  of  the  cor- 
tex, particularly  those  of  the  glomerulosa. 
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The  function  of  the  suprarenal  gland  is  not  known. 
Its  extirpation  in  the  dog  is  followed  by  death  in  a 
few  days.  There  are  at  least  three  interesting  clini- 
cal features  connected  with  this  organ: 

1.  Suprarenal  extract,  taken  internally,  increases 
arterial  tension  by  contracting  the  small  ailerioles. 
The  extract  lias  the  same  effect  when  sprayed  upon 
surfaces,  therefore  it  is  much  used  in  nose,  throat, 
and  eye  work,  to  check  hemorrhage  and  reduce  con- 
gestion. 

2.  The  cortical  cells  may  produce  a  malignant 
growth  called  a  hypernephroma.  The  malignant 
cells  may  invade  and  replace  the  kidney.  The 
growth  usually  spreads  to  the  liver  and  adjacent  or- 
gans, causing  death  in  one  to  three  years. 

3.  Addison's  Disease  is  a  chronic,  usually  tubercu- 
lar, infiammation  of  the  suprarenal  glands,  fatal  in 
one  or  two  years.  It  is  accompanied  with  a  striking 
bronzepigmentationofthe  skin, and  digestive  and  ner- 
vous disturbances.     It  isa  rare  disease  of  middle  life. 

The  above  facts  support  the  view  that  the  organ 
secretes  a  substance  that  is  regularly  gathered  up  by 
the  blood.  This  secretion  may  control,  in  a  measure, 
arterial  pressure.  The  organ  is  also  a  relay  in  the 
sympathetic  nervous  system  which,  when  destroyed, 
as  in  Addison's  Disease,  accounts  for  the  gastric  and 
nervous  symptoms. 


THE  KIDNEYS. 
The  kidneys,  two  in  number,  are  compound  tubular 
epithelial  glands  derived,  embryologically,  from  the 
mesoderm.     They    are    situated    behind    the    peri- 
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toneum,  one  on  each  side  of  the  vertebral  column  and 
on  a  level  with  the  last  dorsal  and  the  upper  two  or 
three  lumbar  vertebrae.  They  are  held  in  position 
by  the  renal  vessels,  by  a  loose  areolar  tissue  that 
surrounds  them  which  contains  much  fat,  and  by 
the  abdominal  pressure.  Each  kidney  measures 
four  inches  in  length,  two  and  one-half  inches  in 
breadth,  and  one  and  one-fourth  to  one  and  one- 
half  inches  in  thickness. 

Their  developmental  history  is  rather  complex 
and  can  be  but  briefly  given  here.  It  involves  the 
history  of  -the  pronephros,  mesonephros,  and  meta-^ 
nephros,  three  sets  of  excretory  organs  which  re- 
place each  other  in  the  sequence  in  which  they  are 
mentioned. 

1.  The  pronephros,  or  head  kidney,  develops  in 
connection  with  the  nephroiomes  of  the  first  three  or 
four  embryonic  somites.  These  nephrotomes  unite 
with  a  longitudinal  duct,  the  pronephric  duct, 
which  opens  posteriorly  into  the  cloaca.  With  this 
organ  fluid  from  the  celomic  or  peritoneal  cavity 
can  be  eliminated,  and  also  waste  products  from  the 
blood,  as  a  tuft  of  blood  capillaries  or  glomerulus 
is  present  near  the  peritoneal  opening  of  each  nephro- 
tome.  This  kidney  is  exceedingly  rudimentary  in 
mammals  and  functional  only  in  larval  stages  of 
amphibians  and  in  bony  fishes. 

2.  The  mesonephros,  or  Wolffian  body,  develops 
in  connection  with  the  nephrotomes  posterior  to 
those  that  form  the  pronephros.  The  pronephric 
duct  becomes  the  Wolffian  duct  and  drains  from  the 
peritoneal  cavity  in  the  same  manner  as  in  the  head 
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kidney.  The  glointrulus  in  tliis  case  is  situated  in 
the  wall  of  the  nephrotoine,  which  makes  the  racso- 
nephros  a  more  ellicicnt  organ.  The  mesoncphros 
is  an  elongated  segmented  organ  and  a  permanent 
structure  in  amphibians.  It  is  an  embryonic  organ  J 
in  birds  and  mammals,  in  which  it  is  replaced  by 
the  metanephros. 

3.  The  mtianephros,  or  permanent  kidney,  develops 
as  a  diverticulum  from  the  cloacal  end  of  the  Wolffian 
duct.  The  diverticulum  lengthens  into  a  tube,  the 
ureter.     The  upper  or  anterior  end  of  tlie  tube 


Fig.  197. — ^Kidnry  of  lu 
inlo  reniruli;  natural  size, 
roniculi  (Biihiri  and  Davidnii 


branches  to  form  a  number  of  smaller  tubes,  tHe  uri- 
niferous  tubules  of  the  kidney.  The  surrounding 
mesoderm  becomes  condensed  and  vascular,  inter- 
lacing between  the  tubules  to  form  the  adult  kidney. 

The  development  of  the  urinary  system  is  closely 
associated  with  that  of  the  generative  system,  and 
will  lie  referred  to  again  when  the  latter  is  described. 

Structure. — The  lulus  of  the  kidney  is  an  opening 
through  which  the  ureter  and  blood-vessels  pass. 
On  making  a  longitudinal  section  of  the  kidney,  it 
will  be  seen  that  the  hilus  leads  to  an  expanded  fis- 


I 
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sure,  the  renal  sinus.  The  pelvis  is  a  funnel-shaped  ■ 
expansion  of  the  ureter  that  occupies  a  large  portion 
of  the  sinus.  The  contents  of  the  sinus  may  be  re- 
moved, when  the  exposed  wall  will  be  found  to  be 
kidney  substance. 
liach  kidney  is 
enclosed  in  a 
smooth  fibrous  cap- 
sule of  areolar  tis- 
sue, a  part  of  which 
also  lines  the  sinus. 
The  capsule  is 
finely  vascular  and 
can  easily  be  de- 
tached. If  it  ad- 
heres to  the  kidney 
substance  it  is  evi- 
dence of  disease. 

It  is  customary 
to  describe  the  kid- 
ney as  made  up  of 
two  layers,  an  out- 
er, or  the  cor/^t,  and 
an    inner,  the  me- 
dulla,   although 
there   is   no    sharp 
line    dividing    the 
two.     The  medulla 
consists   of   ten   or 
twelve  separate  conical  masses  called  Malpighian,  or 
medullary  pyramids,  so  arranged  that  their  bases  bor- 
der on  the  cortical  layer  and  their  apices  point  toward 


Fig.  iqS.  —  LongilmliriLi]  sfclion 
Ihroughlhe  kidney:  i, Cortex;  i',  medul- 
lary rays;  i',  lobyrinlh;  »,  medulla;  i', 
papillaiy  ponion  of  medulla;  i*,  boun- 
dary layer  of  medulla;  j,  transverse  sec- 
tion of  tuhulcs  in  the  boundary  layer;  4, 
fat  of  renal  sinus;  5,  artery;  •,  Iranavcrec 
medullary  rays;  *<,  branrhof  renal  arierj'; 
C,  renal  calyx;  U,  ureter  (after  Tyson 
and  Henle). 
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the  renal  sinus  where  they  form  papilla.  The 
medullary  substance  is  more  dense  than  the  cortical 
and  is  strictly  striated,  which  is  due  to  the  radiating 
course  of  the  tubules  in  this  part.  At  the  base  of 
each  Malpighian  pyramid  these  tubules  pass  up  into  ■ 
the  cortical  substance  and  are  grouped  to  form  , 
cone-like  masses  called  medullary  rays,  or  pyramids  of  J 


WIS®;:! 

Fig.  ipQ, — Section  through  cortex  aod  medulla  of  kidney. 

Ferrein,  the  apex  of  each  being  in  close  proximity  to  I 
the  periphery  of  the  kidney.  There  are  thus  a  great  I 
many  medullary  rays  for  each  Malpighian  pyra- 
mid. The  portions  of  the  kidney  that  intervene 
between  the  medullary  rays  are  called  the  labyrinth, 
and  consist  largely  of  convoluted  tubules.  The 
cortical  substance  not  only  covers  the  bases  of  the 
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Malpighian  pyramids,  but  sends  prolongations  be- 
tween them  down  to  the  renal  sinus.  These  cortical 
prolongations  are  called  the  columns  of  Bertini^  of 
which  there  are  as  many  as  there  are  Malpighian 
pyramids. 

It  is  convenient  to  describe  the  kidney  tubules  as 
consisting  of  nine  parts.  Each  tube  commences  in 
the  labyrinth  of  the  cortex  with  (i)  an  invaginated 
dilatation  called  Bowman's  capsule.  This  capsule 
is  lined  by  simple  squamous  epithelium  which, 
when  invaginated,  makes  two  layers,  the  lumen  of 
the  tube  being  between  these  layers.  Into  the  in- 
vaginated cavity  is  crowded  a  tuft  of  blood  capil- 
laries called  a  glomerulus.  A  liberal  supply  of  con- 
nective tissue  blends  with  these  capillaries.  The 
capsule  and  glomerulus  are  frequently  called  a 
Malpighian  corpuscle.  At  the  base  of  the  cap- 
sule each  tube  is  constricted,  forming  (2)  the  neck^ 
after  which  it  becomes  much  convoluted  and  wide, 
forming  (3)  the  proximal  convoluted  tubule.  The 
cells  of  this  part  are  large  with  very  thin  cell 
walls.  The  cytoplasm  immediately  around  the  nu- 
cleus is  granular,  but  toward  the  basement  membrane 
it  is  striated  with  Hues  at  right  angles  to  the  mem- 
brane. The  tube  now  approaches  the  medulla, 
becomes  nearly  straight,  but  rapidly  narrows  to 
form  (4)  the  spiral  portion.  It  now  passes  straight 
down  a  Malpighian  pyramid,  where  it  makes  a  short 
curve,  and  returning  thus  forms  (3)  the  loop  of 
Henle.  This  loop  has  a  narrow  descending  limb 
with  a  short  curve,  and  a  wider  ascending  limb. 
The  narrow  descending  limb  and  curve  has  simple 
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flat  epithelium,  so  that  the  lumen  is  practically  as 

capsult.  Glimieriilai. 


Tig.  100. — Diagram  of  kidney  lubiJc. 

large  as  that  of  the  preceding  part.     The  ascending 
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limb  is  larger  but  the  epithelium  takes  on  the  char< ' 
acteristic  of  the  proximal  convoluted  tube,  although 
the  cells  are  a  little  smaller  and  may  ctmtain  pig- 
ment granules.  The  ascending  limb  passes  straight 
up  a  medullary  ray,  from  which  it  emerges  to  again 
enter  the  cortex,  where  it  becomes  irregular  in  out- 
Mne  forming  (6)  the  irregular  tubule,  which  quickly 
becomes  much  twisted  and  coiled  to  form  (7)  the 
dislal  convoluted  part.  In  the  irregular  part  the  cells 
are  very  un- 
equal in  size 
and  a  rod- 
like struc- 
'  ture  of  the 
cytoplasm 
is  very  dis- 
tinct, while 
the  base- 
ment mem- 
brane is  said 
to  be  ab- 
sent. The 
cells  of  the 

dislal  convoluted  tube  are  rather  Ions,  with  a  distinct 
membrane  and  a  highly  refractive  appearance  of  the 
protoplasm.  Near  the  basement  iiicmbrane  minute 
projections  from  adjacent  cells  ni:iy  be  seen  to  inter- 
lock. Finally,  this  portion  terminates  in  (8)  a 
short  jmicliomil  tubule,  which  leaves  the  cortex  and 
enters  a  medullary  ray  to  join  the  last  part  (q1.  the 
collecting  tubule.  The  latter  passes  straight  through 
the  Malpighian  pyramid  to  open  on  its  surface  in  a 
small  pore.     In  its  course  the  collecting  tube  receives 
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not  only  other  junctional  tubules  but  also  unites 
with  other  collecting  tubes.  The  junctional  part  is 
narrow  but  its  lumen  relatively  large,  being  lined  by 
clear  flat  or  cubical  cells.  The  collecting  tubes  are 
large  and  have  a  lining  of  simple  cubical  epithelium. 
The  location  of  the  diff'erent  parts  of  the  kidney 
tubules  may  be  tabulated  as  follows : 

Portion  oj  Tubule.  Location. 

1.  Bowman's  capsule cortical  labyrinth. 

2.  Neck cortical  labyrinth. 

3.  Proximal  convoluted cortical  labyrinth. 

4.  Spiral  portion medullary  rays. 

5.  Loop  of  Henle: 

(a)  Descending  limb medulla. 

{b)   Loop medulla. 

(c)  Ascending  limb medulla  and  medullary  rays. 

6.  Irregular  part cortical  labyrinth. 

7.  Distal  convoluted cortical  labyrinth. 

8.  Junctional  tubule medullary  rays. 

9.  Collecting  tubule medullary  rays  and  medulla. 

It  will  be  observed  that  the  walls  of  these  tubules 
consist  of  simple  epithelium ;  that  this  is  made  up  of 
pavement  cells  in  the  capsule,  neck,  and  descending 
limb  of  Henle *s  loop;  while  large  cubical  or  columnar 
cells  with  granular  and  rod-like  structure  of  the  cyto- 
plasm are  found  in  the  convoluted  parts  and  ascend- 
ing limb  of  Henle 's  loop;  and  a  low  cubical  epithe- 
lium invests  the  junctional  and  collecting  tubules. 

Casts. — It  is  common  in  high  fevers  and  in  diseases 
of  the  kidnev  to  find  moulds  of  the  uriniferous 
tubules  in  the  urine.  In  high  fevers  blood  may 
enter  and  congeal  in  the  uriniferous  tubules,  the 
kidney  secretion  forces  out  this  obstruction,  which 
then  appears  in  the  urine  as  a  blood  cast.  A  clear 
serum  mould  is  called  a  hyaline  cast.  In  more 
chronic  cases  the  cells  of  the  tubules  are  carried  away 
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and  the  mould  is  then  called  an  eptlhclial  cast.  The 
cells  may  liave  decomiiosetl,  when  it  becomes  a 
granular  cast.  Hyaline  casts  often  show  granula- 
tions and  arc  then  also  called  granular  casts.  Finally, 
fatty  degenerations  may  appear  and  form  fatty 
casts.  The  recognition  and  identification  of  casts 
form  an  important  subject  in  clinical  analysis.  If 
small  pieces  of  kidney  are  treated  with  strong  hydro- 
chloric acid  and  the  detritus  thus  produced  be  ex- 
amined in  gly- 
^sO/^sT^„^  ^"-"^  icw"'*  cerin,  under  a  low 
(^•iP ' ^f\>r^C^  .         magnification, 

'  3=*^  W\,~/^V  '-.  many    pieces    of 

the  uriniferous 
tubules  are  read- 
ily observed. 
These  pieces  are 
[)raclically  iden- 
tical with  the  epi- 
tliflial  and  gran- 
F.g  2o» -Sifii..n  ff  1  i>orti..n  .it  i  ki  in(\  ujar  casts  of  the 
diseased  kidney. 
Blood-vessels.  -The  kidneys  arc  higlily  vascular 
and  receive  a  large  amount  of  blood  in  ]>roi)ortion  to 
their  size.  The  renal  artery  and  renal  vein  pass 
through  tlie  hilum,  the  artery  between  the  vein  and 
ureter.  In  the  renal  fissure  the  artery  breaks  up 
into  four  or  live  branches  which  lie  external  to  the 
pelvis  of  the  ureter.  These  branches  pass  (hrectly 
to  the  colunnis  of  Mertini.  where  llicy  break  up  into 
smaller  vessels  and  rise  to  the  level  of  the  Mal- 
pighian  pyranii<ls.  At  tliis  level  they  pass  across 
the  pyramids,  Ix'tween   the  latter  and   the  cortex. 
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forming  what  are  called  arterial  arches.  The  ar- 
teries form  incomplete  arches  across  the  base  of  the 
pyramid,  while  the  accompanying  veins,  in  this 
place,  form  complete  venous  arches  across  the  base 
of  the  pyramid.  From  the  arches  interlobular 
arteries    pass 

outward  be-  siMimtin. 

tween  the  me- 
dullary rays 
and  among  the 
convoluted  tu- 
bules, taking  a 
direct  course 
toward  the  sur- 
face of  the  kid- 
ney. At  inter- 
vals they  give 
off  curved  short 
branches  which 
pass  directly  to 
the  glomerulus 
of  a  Malpig- 
hian  corpuscle, 
where  they 
break  up  into 
a  spongy  mass 
o  f  capillaries. 
A  vein,  smaller 
than  the  artery, 
emerges    from  * 

the  glomerulus     fiS'  '°3  — U  ^E""  of  ^'"^  supply  of  kidney. 

close  to  the 

point  where  the  artery  enters.     The  artery  is  called 
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the  vas  afferens  and  the  smaller  vein  the  vas  efferens. 
The  latter,  instead  of  uniting  with  other  veins  to  form 
larger  trunks,  as  is  the  case  in  other  organs,  passes 
directly  to  the  convoluted  tubules,  where  it  forms 
a  dense  capillary  system  that  ramifies  everywhere 
over  the  walls  of  these  tubules.  Many  of  the  effer- 
ent vessels  from  the  lowermost  glomeruli,  that  is, 
those  nearest  the  medulla,  break  up  into  pencils  of 
straight  vessels  called  pseudo-arteries  recUe^  which 
pass  directly  into  the  medulla  to  form  capillaries 
around  the  tubules  of  this  part. 

Interlobular  veins  convey  the  blood  from  the  kid- 
ney cortex  to  the  venous  arches  at  the  base  of  the 
pyramids.  Near  the  periphery  of  the  kidney  other 
veins  converge  to  form  a  stellate  appearance  just 
beneath  the  capsule.  These  stellate  veins  receive 
blood  from  the  venous  arches  and  also  connect  with 
the  veins  of  the  capsule. 

The  blood  supply  of  the  medulla  is  to  a  great  ex- 
tent independent  of  that  to  the  cortex,  excepting  that 
supplied  by  the  false  arterial  rectae.  Branches  from 
the  concave  side  of  the  arterial  arches  pass  directly 
into  the  medulla,  where  they  form  bunches  of  pencils 
of  small  parallel  vessels,  the  arterice  recta*,  which  sup- 
ply  blood  to  the  walls  of  the  urinifcrous  tubules  of 
this  part.  Veins  return  this  blood  to  the  venous 
arches  that  lie  between  the  cortex  and  medulla. 
These  arches  form  veins  that  pass  through  the  col- 
umns of  Bcrtini  and  ultimately  drain  into  the  renal 
vein,  which  passes  through  the  hilum  to  join  the 
inferior  vena  cava. 

On  account  of  this  extensive  blood  supply  any 
renal  disturbance  is,  as  a  rule,  accompanied  by  a  cor- 
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responding  circulatory  disturbance.  Conversely,  a 
disturbed  circulation  or  an  enlarged  heart  is  indica- 
tive of  a  possible  nephritis. 

Nerves. — The  nerve  supply  is  derived  from  the 
cerebrospinal  system  and  the  sympathetic.  Many 
of  these  supply  the  blood-vessels,  which  they  always 
accompany,  but  some  arborize  among  the  renal 
tubules,  particularly  those  of  the  renal  cortex. 

THE  URETERS. 

The  ureters  are  two  muscular  tubes  that  conduct 
the  urine  from  the  kidneys  to  the  bladder.  The 
dilated  commencement  of  each  ureter  is  called  the 
pelvis  and  lies  with  its  base  in  the  renal  fissure,  and 
extends  through  the  hilum  to  the  lower  portion  of 
the  kidney  where  the  ureter  proper  begins.  Lateral 
expansions  of  this  pelvis  extend  to  and  enclose  the 
papillae  of  the  Malpighian  pyramids,  on  the  surface 
of  which  the  collecting  tubules  open.  These  ex- 
pansions are  called  calyces. 

The  ureters  measure  from  fourteen  to  sixteen 
inches  in  length,  and  one-fourth  inch  in  diameter. 
Each  ureter  lies  behind  the  peritoneum  and  passes 
downward  and  inward  to  the  brim  of  the  pelvis,  and 
then  forward  and  inward  to  the  base  of  the  bladder. 
The  ureters  are  about  two  inches  apart  as  they  enter 
the  wall  of  the  bladder,  through  which  they  pass 
obliquely  for  three-fourths  inch  to  open  on  the 
inner  surface  in  two  narrow  and  slit-like  openings. 
The  oblique  passage  through  the  bladder  wall  acts 
as  a  valve  to  prevent  a  return  flow  of  urine. 

Structure. — ^The  walls  of  the  ureter  consist  of  an 
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outer  fibrous,  a  middle  muscular,  and  an  inner  mucous 
layer.  The  latter  has  many  longitudinal  folds  and 
is  lined  by  transitional  epithelium  of  four  or  five 
layers  of  cells.  The  superficial  cells  are  flat,  or  low 
cubical,  and  may  contain  two  nuclei.  Their  lower 
surfaces  have  depressions  that  fit  upon  the  rounded 
ends  of  the  second  layer,  which  consists  of  oval  or 
pear-shaped  cells.  Between  the  apices  of  the  latter 
are  two  or  throe  rows  of  small,  irregular  interstitial 
cells.     Mucous 


I  ig,  204. 


"  "  propria  is  com- 
1^  r.  posed  of  areolar 
tissue  which 
becomesgraduallyloosc  toward  thcmuscularis.  This 
membrane  is  like  others  of  its  kind,  havinj^  a  limited 
blood  supply.  The  muscular  coat  is  composed  of 
smooth  muscle  cells  and  consists  chiefly  of  a  circular 
layer  between  two  thin  lonj^itudinal  layers,  particu- 
larly well  (k-fincd  in  the  lower  part  of  the  ureter. 
The  fihrous  ami  is  relatively  lliick  and  strong,  con- 
tributing fibrous  elements  that  interlace  the  muscle 
tissue. 
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The  function  of  the  ureter  is  an  active  one.  A  few 
drops  of  urine  enter  the  ureter  and  are  propelled 
along  by  the  peristaltic  contraction  of  its  muscula- 
ture, which  forces  the  urine  in  intermittent  jets  into 
the  bladder.  In  case  of  overdistention  the  force  ex- 
erted by  this  mechanism  is  sufficient  to  rupture  the 
bladder.  In  case  of  an  obstruction  in  the  ureter, 
as  in  the  passage  of  calculi,  a  violent  contraction  of 
the  smooth  muscle  follows,  accompanied  by  severe 
pains.  In  surgical  operations  ureters  have  been 
sewed  into  the  upper  end  of  the  bladder,  or  even  into 
the  intestine.  In  the  latter  case  the  kidney  usually 
becomes  infected  with  bacteria  from  the  bowel. 

THE  URINARY  BLADDER. 

The  urinary  bladder  is  a  receptacle  for  the  reten- 
tion of  urine,  with  an  average  capacity  of  one  pint, 
although  capable  of  much  greater  distention.  When 
empty  it  lies  wholly  within  the  pelvis,  but  if  dis- 
tended it  rises  into  the  abdomen.  When  moderately 
filled  it  has  a  rounded  form,  but  when  completely 
distended  it  becomes  egg-shaped,  the  larger  end, 
called  the  base  or  fundus,  being  directed  downward 
and  backward  toward  the  rectum,  and  its  smaller 
end,  the  summit,  resting  against  the  anterior  ab- 
dominal wall.  When  distended  the  peritoneum 
covers  the  bladder,  excepting  a  triangular  space  of 
two  inches  above  the  symphysis  pubis  known  as  the 
space  of  Retzius.  This  is  of  surgical  importance, 
as  the  bladder  can  be  opened  through  this  space 
without  going  through  the  peritoneum. 

The  mucous  membrane  on  the  inner  surface  of  the 
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bladder  is  loosely  attached  to  the  muscularis,  and  is 
sliRhtly  corrugated  or  folded  in  the  contracted  form 
of  the  orRiMi.  At  the  lower  part  of  the  bladder  is 
found  Ihc  orifice  leading  into  the  urethra,  and  im- 
mediately behind  this  is  a  smooth  triangular  surface 
called  the  /rii^wc.  The  orifices  of  the  ureters  ar* 
found  at  the  ixMterior  angles  of  the  trigone,  and  in 
the  distcntlcil  bladder  are  about  one  and  one-half 
itK'liex  a|Kirl  and  about  the  same  distance  frcnn  the 
uirOiral  wlice.  When  the  bladder  is  contracted 
\\\{*  !«)»rtw  is  diminished.  An  exact  knowledge  of 
these  relations 
is  important  in 
any  attempt  to 
;^|  pass  a  catheter 
into  the  ureter. 
,  Histology  of 
the  Bladder.—- 
i,p  There  is  a  mu- 
cous, submu- 
cous, muscular, 
■tud  M'l^HH  ^Hvtt  to  the  bladder.  The  mucflus  mem- 
,''i.i»i.'  u-wmbU'H  that  of  tiic  ureters,  willi  which  it  is 
nnilimu«»-<.  \\  isitivored  with  a  transitional  epithe- 
lium wluiM'  \x\U  vaiy  iiceordinR  to  the  distention  of 
I  ln'  hl.uliUi .  As  II  rule,  epithehal  cells  have  but  very 
hi  I  \\-  il.i-<l  nil  V  iiiid  inueous  uiemhranes,  therefore  are 
III  .ni»ml\  iiuielifoliUil.  The  bladder  cells  are  capable 
i>i  \Kii-.iiU-i.iUU'  ^h^teu^inn,  when  they  become  very 
il  il  \\  hill  the  oiiiiiu  *HiuIr.iets  they  aceomniodate 
I  In  111 ..  K  r-.  Ill  I  hi-,  vo'iitii  ton  and  beeomi.'  cubical.  The 
nil.  Ill    lln-  luil.iiv  layer  are  squamous  and  have 
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concave  depressions  into  which  the  rounded  ends  of 
the  second  layer  or  pear-shaped  cells  are  adjusted. 
Two  or  more  layers  of  irregular  interstitial  cells  inter- 
vene between  the  apices  of  the  pear-shaped  cells. 
The  interstitial  cells  divide  regularly  by  karyokinesis 
and  are  then  crowded  to  the  surface  to  replace  the 
superficial  cells  that  normally  exfoliate.  There  are 
no  glands  in  the  bladder,  but  solid  cell  projections 
are  sometimes  found  that  resemble  glands.  The  blad- 
der is  a  part  of  the  allantois,  a  vesicular  evagination 
of  the  hind-gut.     The  bladder  epithelium,  therefore, 


Pavftnent  cell. 


Pear-shaped 
ceU. 


Paitmeni  cells. 


InterstUial  cells. 


Fig.  206. — Epithelial  cells  from  the  bladder. 


is  of  hypodermic  origin,  while  that  of  the  ureter  is 
from  the  mesoderm. 

A  vascular  submucosa  intervenes  between  the  mu- 
cosa and  the  muscularis.  This  is  a  thin  layer  of 
areolar  tissue,  but  sufficient  to  give  the  mucosa 
apparent  elasticity  and  enable  it  to  move  upon  the 
muscularis. 

The  muscular  coat  consists  of  smooth  muscle  fibers 
which  may  be  divided  into,  bundles  of  outer  longi- 
tudinal fibers,  a  middle  strong  circular  layer,  and  an 
imperfect  inner  longitudinal  or  diagonal  stratum. 
18 
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At  the  urethral  opening  the  middle  layer  is  thickened 
to  form  a  sphincter  muscle,  according  to  some  au- 
thors. The  bladder  musculature  forms  a  basket- 
work  fabric,  and  when  much  distended  intervals 
may  arise  in  its  walls  which  become  points  of  weak- 
ness through  which  the  mucosa  may  protrude,  when 
the  organ  is  said  to  be  sacculated. 

Vessels  and  Nerves. — The  bladder  is  supplied  with 
blood  from  the  superior  and  inferior  vesicle  arteries, 
and  in  the  female  also  from  branches  of  the  uterine 
artery.  The  veins  form  large  plexuses,  particularly 
around  the  neck,  sides  and  base.  They  eventually 
drain  into  the  internal  iliac.  The  nerve  supply  is 
from  the  third,  fourth,  and  sometimes  the  second 
sacral  nerves,  and  from  the  hypogastric  plexus  of  the 
sympathetic.  The  latter  are  nearly  all  non-medul- 
lated. 


CHAPTER  VIII. 
REPRODUCTIVE  ORGANS  IN  THE  HALE. 

Under  this  heading  are  included  ( i )  the  testes  and 
their  ducts,  (2)  epididymis,  (3)  penis,  and  (4)  pros- 
tale  gland. 

THE  TESTICLES. 

The  testes  are  two  glandular  organs  for  the  produc- 
tion of  spermatozoa,  suspended  in  the  scrotum  by 
the  spermatic  cord.  Each  testicle  is  about  one  and 
one-half  inches  long,  one  and  one-fourth  inches 
wide,  and  nearly  one  inch  thick  from  side  to  side. 
The  corresponding  dimensions  of  the  ovary  are,  one 
and  one-half  by  three-fourths  by  one-half  inches. 

The  coverings  of  the  testes  are,  (i)  skin,  (2)  dartos; 
these  two  form  the  wall  of  the  scrotum.  The  skin  is 
thin  and  pigmented.  The  dartos  is  a  reddish  tissue 
continuous  with  the  two  layers  of  superficial  fascia 
of  the  groin.  It  is  vascular  and  consists  of  smooth 
areolar  tissue  and  smooth  muscle  fibers.  The  latter 
give  involuntary  contractility  to  the  scrotum  and 
produce  folds  or  rugae  in  the  skin.  (3)  Intercolum- 
nar  fascia,  which  is  a  thin  connective-tissue  layer 
closely  associated  with  (4)  the  cremasteric  fascia. 
The  latter  is  continuous  with  the  internal  oblique 
muscle.  (5)  The  infundibuliform  fascia  comes  next 
and  is  a  continuation  downward  of  the  fascia  trans- 

versalis.     (6)  The   tunica   vaginalis  envelops   each 
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testicle  and  is  derived  from  the  peritoneum  during 
the  descent  ot  the  organ.  It  is  therefore  a  serous 
coat  that  has  the  same  histology  as  the  peritoneum. 
and  may  be  divided  into  two  parts,  one  the  visceral 
portion  that  invests  the  surface  of  the  organ,  and  the 
other  the  parietal  portion  that  is  reflected  over  the 
surface  of  the  infundibuliform  fascia.  The  interval 
between  these  portions  constitutes  the  cavity  of  the 
tunica  vaginalis,  and  it  is  in  this  space  that  hydro- 


Ttmita  vagi<H)u,  vUctrtl  ftrli 


FiR.  307. — Cross  section  of  human  teslicle. 

crlf  llllid  collects.  (7)  The  tunica  albutjinca  comes 
iir\l  11111]  is  a.  firm  fibrous  covering.  This  tunic 
wtifls  libriMis  cords  or  trabecute  into  the  testis, 
wliii'Ii  dividi'  the  organ  into  lobules.  It  is  par- 
tUnilirly  di-nsc  along  the  posterior  margin  of  the 
nr^mi  wluTi'  it  iilso  invests  the  vas  deferens,  forming 
III  this  margin  a  mediastinum  called  the  corpus  of 
lUijInnorc.  (8)  The  tunica  vasculosa  is  a  delicate 
vascular  layer  that  covers  the  inner  surface  of  the 
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tunica  albuginea.     The  three  tunics  just  mentioned 
form  the  wall  or  capsule  of  each  testicle,  and  are  so  , 
closely  associated  that  it  is  difficult  to  distinguisl 
one  from  the  other. 

Structure. — The  testis  is  a  compound  tubular  gland 
divided  into  three  hundred  to  four  hundred  lobules. 
Each  lobule  is  conical  in  shape  with  the  apex  directed 
toward  the  mediastinum  and  the  base  toward  the 
surface  of  the  organ.  The  lobules  differ  in  size  ac- 
cording to  their 
position.  Each 
lobule  represents 
several  coiled  tu- 
bules which,  when 
unraveled,  aver- 
age two  feet  in 
length.  There 
are  at  least  six 
hundred  to  eight 
hundred  of  these 
tubules  t  o  each 
testicle.      Their  '"'"'''■ 

walls  are  lined  with  stratified  epithelium  which  is  in- 
vested with  a  thin  layer  of  connective-tissue  ele- 
ments. The  epithehum  rests  upon  a  basement 
membrane  and  may  be  arranged  in  at  least  three 
irregular  groups  or  layers:  i.  A  layer  of  cubical 
cells,  with  small  nuclei,  rests  upon  the  basement 
membrane.  The  cells  of  this  layer  are  called  sper- 
matogonia. The  columns  of  Sertoli,  or  sustenlncular 
cells,  also  belong  to  this  layer.  These  columns 
are  elongated  columnar  cells  that  extend  from  the 


>f  convoluted  tubules  ot 
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basement  membrane  inward  toward  the  lumen 
of  the  tube.  They  give  off  lateral  processes  that 
form  a  reticulum  about  groups  of  young  spermatozoa, 
to  which  they  give  both  support  and  sustenance, 
according  to  the  views  of  some  authors.  2.  Within 
the  first  layer  there  are  one  or  two  rows  of  large  cells 
with  large  deep-staining  nuclei.  These  are  the 
spermatocytes.  The  latter  multiply  rapidly  and 
continually  to  form,  3,  spermatoblasts  or  sper^ 
matids.  The  spermatids  are  small  spherical  cells 
and  each  one  in  due  time  develops  into  a  spermato- 
zoon. The  latter  ripen  regularly  in  groups  which 
seem  to  cluster  about  individual  sustentacular  cells. 
The  nucleus  of  the  spermatids  elongate  and  each 
little  spherical  cell  gradually  assumes  the  form  of  a 
mature  spermatozoon.  The  different  stages  in  this 
development  can  be  worked  out  by  a  study  of  the 
spermatids  as  seen  in  the  different  tubules.  In  the 
cross  section  of  a  jingle  tubule  all  the  spermatids 
will  be  in  the  same  stage  of  development.  The 
spermatozoa  when  mature  are  crowded  into  the 
lumen  of  the  convoluted  tubules,  where  they  mix 
with  a  viscid  secretion  which  probably  comes  from 
the  epithelial  wall.  The  convoluted  seminiferous 
tubules  end  blindly  near  the  surface  of  the  testis, 
where  they  are  also  said  to  anastomose  with  each 
other.  In  the  other  direction,  each  tubule  becomes 
straight  and  forms  the  tubuli  recti,  which  approach 
the  mediastinum  and  function  as  excretory  ducts. 
These  erect  tubules  anastomose  to  form  the  rete 
testis. 
Interstitial  Elements  of  the  Testis. — Like  any  other 
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organ  the  testicle  has  a  fine  reticulum  of  connective 
tissue  that  is  associated  with  the  capsule  or  tunica 
albuginea.  This  reticulum  consists  of  areolar  tissue 
that  not  only  intervenes  between  the  lobules,  but 
interlaces  between  the  seminiferous  tubules.  Blood 
and  lymph  vessels  are  everywhere  associated  with 
this  tissue.  In  addition  to  ordinary  connective- 
tissue  cells,  there  is  associated  with  this  reticulum 
patches  of  cells  that  re- 
semble epithelium  and 
have  yellowish  granules 
or  pigment.  These  are 
called  interstitial  cells, 
and,  like  the  areas  of 
Langerhans  of  the  pan- 
creas, are  supposed  to  se- 
crete products  regularly 
absorbed  by  the  blood. 
We  can  postulate  a  pos- 
sible function  of  these 
cells  when  we  consider 
the  function  of  the  testi- 
cle and  its  influence  on 
the    body    as    a    whole. 

(i)  Physiologically  the  testis  exerts  a  marked  influ- 
ence on  the  development  of  the  body.  (2)  It  is  ac- 
tively engaged  in  the  production  of  spermatozoa. 
(3)  It  is  essential  for  the  act  of  copulation. 

Early  castration  in  domestic  animals  is  a  striking 
evidence  of  the  influence  the  testicle  exerts  upon 
development.  The  change  manifest  is  both  physi- 
cal and  mental.     As  the  infantile  testis  does  not 
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Fig.  209. — Sustentacular 
cells  (cells  of  Sertoli)  of  the 
guinea-pig  (chrome-silver  me- 
thod) ;  profile  view;  c,  c,  Depres- 
sions in  the  sustentacular  cells 
due  to  pressure  from  the  sper- 
matogenic  cells;  rf,  basilar  por- 
tion of  sustentacular  cells 
(Bohm  and  Davidofif). 
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produce  spermatozoa,  it  is  believed  that  the  secret 
tions  from  the  interstitial  cells  react  upon  the  devel- 
opment of  the  body  as  a  whole.  While  the  semi- 
niferous tubules  function  in  the  production  of  sper- 
matozoa, it  is  not  clear  that  the  accumulation  of 
semen  prompts  the  sexual  act.  For  instance,  the 
testicles  sometimes  do  not  descend  into  the  scrotum 

but  remain  in  the  body  cav- 
ity. Frequently  such  testi- 
cles are  of  the  infantile  type, 
that  is,  no  semen  is  devel- 
oped; and  yet  the  copulation 
act  in  such  males  is  not  only 
possible,  but  the  sexual  crav- 
ings may  be  actually  exagge- 
rated. The  interstitial  cells 
of  such  testicles  are  well  de- 
veloped and  the  male  is  other- 
wise normal.  Again,  the  im- 
potency  that  sometimes 
comes  with  old  age  is  said  to 
be  due  to  impaired  functional 
activity  of  the  interstitial 
cells  rather  than  to  lack  of 
spermatozoa.  We  have  no  specific  medical  treat- 
ment for  such  cases,  extracts  from  normal  testes 
having  been  tried  without  satisfactory  results. 

Spermatogenesis  and  Spermatozoa. — The  develop- 
ment of  spermatozoa  begins  in  man  in  early  youth 
and  usually  continues  into  old  age.  This  phenom- 
enon is  in  marked  contrast  to  ovulation  in  woman, 
where  there  is  a  cessation  or  menopause  at  about  the 


End  pifce. 


Fig.  2IO. — ^Iluman  sper- 
matozoa, side  and  flat  view. 
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age  of-  forty-five.  The  explanation  offered  to  ac- 
count for  this  cliffcTcncc  in  the  sexes  is  sought  in  the 
blood  supply  to  Hit  generative  organs.  There  is  a 
decrease  in  the  nourishment  to  the  ovaries  as  the 
menopause  approaclies,  due  to  a  contraction  of  the 
blood-vessels  that  supply  the  organ.  The  testes,  on 
the  other  hand,  have  a  liberal  supply  of  blood 
throughout  life. 

The  development  of  spermatozoa  has  been  re- 
corded with  great  accuracy,  particularly  in  ascaris, 
insects,  amphibians,  and  fishes,  and  there  is  little 
doubt  but  that  the  processes  in  mammaha  are  es- 
sentially the  same. 

The  spermatogonia  cellsof  the  testicle  after  repeated 
division  produce  what  are  called  primary  spermato- 
cytes. Each  of  the  latter  divides  by  somatic  mito- 
sis to  produce  two  sccandary  spermatocytes,  and  these 
divide  by  reduction  mitosis  to  produce  spermatids, 
which,  in  turn,  are  moulded  into  individual  i7'fTi«a- 
losoa.  From  every  primary  spermatocyte,  there- 
fore, four  spermatozoa  ultimately  ripen,  a  detailed 
account  of  which  will  now  be  considered. 

Multiplication  of  spermatogonia  docs  not  differ 
from  other  somatic  mitosis.  The  primary  sperma- 
tocytes, however,  show  a  more  condensed  form  of 
chromatin,  and  while  the  usual  spireme  structures 
develop,  the  chromosomes  pair  and  fuse.  This  is  not 
a  chance  fusion,  but  is  said  to  be  a  selective  union 
called  synapsis  of  chromosomes.  This  coalition  ap- 
parently reduces  the  chromosomes  to  one-half  the 
original  number.  The  synapsis  is  usually  a  collateral 
one,  sometimes  end  to  end,  and  while  inmost  instances 
the  union  is  complete,  in  other  cases  the  double  na-j 
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ture  of  the  chromosomes  remains  visible.  Bachpaired 
chromosome  now  divides  not  only  by  splitting  lon- 
gitudinally, but  also  by  a  median  transverse  division^ 
thus  producing  four  fragments,  each  group  of  four 
fragments  being  known  as  a  tetrad.  The  number  of 
tetrads  are  thus  equal  to  one-half  the  original  num- 
ber of  chromosomes.  The  tetrad  groups  now  ar- 
range themselves  in  the  equatorial  plane  of  the 


Pour  chromosonus. 


Synapsis.  ..«•«•—.• 


Two  tetrads. 


i   ^^m,^^  Primary  s§ttrmaiocyk$. 


/  V  -— 


Somatic  mitosis. 


Two  diad  groups  in ft^, 

each  cell.  '  ^' 


I Secondary  spermatocylts. 

\r  —  — — Reduction  mitosis. 

Y         I  Young  ^permatotoa. 

Fig.  2ioa. — Diagram  of  spermatogenesis. 

spindle,  and  then  two  fragments  or  chromosomes 
from  each  tetrad  pass  to  opposite  poles  of  the 
spindle  to  form  two  daughter  cells  or  the  secondary 
spermatocytes.  The  chromosomes  of  each  daughter 
cell,  therefore,  form  in  groups  of  twos  instead  of 
fours,  and  each  group  is  now  called  a  diad.  The 
number  of  diads  is  equal  to  the  number  o^  ^'^^'•ads, 
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and  therefore  equal  to  one -half  the  original  number 
of  chromosomes.  A  new  spindle  quickly  forms  in 
the  secondary  spermatocytes,  the  diads  take  an 
equatorial  position  and  then  separate  to  form 
monadSy  each  daughter  cell  or  spermatid  receiving 
an  equal  number.  The  number  of  monads  is  equal 
to  the  number  of  diad  groups  and  therefore  equal  to 
one-half  the  original  number  of  chromosomes.  The 
division  of  tetrad  groups  to  form  diads  is  usually 
considered  an  equational  or  somatic  process,  while 
the  division  of  the  diad  groups  to  form  monads  is 
looked  upon  as  a  reduction  process.  The  splitting 
of  the  tetrads  is  then  interpreted  as  a  longitudinal 
division  of  the  chromosomes,  and  that  of  the  diads 
as  an  end-to-end  division.  Each  spermatid  ulti- 
mately moulds  to  form  ripe  spermatozoa  and  thus 
every  primary  spermatocyte  produces  four  sperma- 
tozoa. 

Sex  Determination. — Cytological  and  experimental 
work  in  recent  years  have  revealed  facts  which  show 
that  certain  chromosomes  play  an  important  part  in 
the  determination  of  sex.  In  the  grasshopper  (Steno- 
bothrus  viridulus)  the  cells  of  the  male  have  seven- 
teen and  the  cells  of  the  female  eighteen  chromo- 
somes. In  case  of  the  primary  spermatocytes,  each 
with  seventeen  chromosomes,  when  synapsis  occurs, 
one  chromosome  is  left  without  a  mate.  This  odd 
one  is  called  the  accessory  chromosome^  and  can  be 
recognized  by  its  condensed  form,  heavy  staining 
qualities,  and  its  position  near  the  nuclear  mem- 
brane. When  the  primary  spermatocyte  divides, 
this  accessory  or  univalent  chromosome  remains  un- 
divided within  one  of  the  daughter  cells,  thus  mak- 
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ing  two  kinds  of  secondary  spermatocytes.  When 
the  latter  divide  the  accessory  chromosome  also  di- 
vides, thus  giving  rise  to  two  kinds  of  spermatozoa  in 
equal  numbers,  one-half  of  them  having  eight  and 
one-half  nine  chromosomes.  The  mature  ova  have 
no  such  complications,  and  each  one  has  nine  chro- 
mosomes. When  fertilization  takes  place  two  com- 
binations are  possible.  Should  a  spermatozoon  with 
eight  chromosomes  fertilize  the  egg,  then  a  male  de- 
velops with  somatic  cells  that  have  seventeen  chro- 
mosomes, and  if  one  with  nine  is  used,  then  a  female 
is  produced  with  somatic  cells  having  eighteen 
chromosomes. 

In  some  cases  the  accessory  chromosome  has  a 
small  mate  in  synapsis.  Two  classes  of  spermatozoa 
develop,  one-half  with  a  large  and  the  other  half 
with  a  small  chromosome.  The  class  with  the  large 
chromosome  produces  females,  and  that  with  the 
small  produces  males. 

Two  kinds  of  spermatozoa,  diflfering  in  quality 
and  quantity  of  chromatin  material,  have  been  des- 
cribed in  the  whole  animal  phylum,  even  in  man,  and 
it  seems  to  be  proved  that  the  quality  of  the  sper- 
matozoon in  these  forms  determines  the  sex.  But 
there  are  many  forms  of  life,  particularly  in  plants, 
where  parthenogenetic  and  other  asexual  develop- 
ment prevail  and  where  sex  cycles  arise  from  fac- 
tors other  than  spermatozoa.  In  some  of  these  the 
quantity  and  quality  of  food  are  sex  factors,  while 
in  others  we  do  not  know  the  determining  agents. 

Stmciurc  of  Spermatozoa. — A  spermatozoon  is  a 
minute  cell,  about  0.055  mm.  long  and  consisting  of 
a  nucleus  or  heady  a  middle  piece  or  body,  and  a  vibra- 
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tile  tail.  In  man  the  head  is  a  flattened  ovoid,  ap- 
pearing pear-shaped  or  pointed  in  one  view  and 
rounded  in  another.  It  contains  the  nucleus  and 
stains  heavily  with  nuclear  dyes.  It  measures  about 
0.0045  mm.  long,  0.0025  "^"i-  broad,  and  o.ooi  5  mm. 
thick. 

The  middle  piece,  or  body,  is  cylindrical  in  man,  and 
measures  about  o.cxj6  mm.  in  length,  and  0.001  mm. 
in  thickness.  In  some  animals,  as  the  rat,  a  spiral 
thread  can  be  seen  coiled  about  the  periphery, 
whilst  through  its  center  a  slender  filament  seems  to 
pass  and  \yc  continuous  with  the  central  filament  of 
the  tail-  This  filament  ends  in  a  terminal  enlarge- 
ment placed  in  close  proximity  to  the  nucleus  and 
known  as  the  terminal  globule. 

The  tail  is  about  0.045  mm.  long  and  tapers  toward 
the  extremity,  ending  in  an  extremely  delicate  fiber,' 
the  end  piece.  Again,  in  the  rat  this  end  piece 
seems  to  be  the  terminal  part  of  the  central  filament 
of  the  middle  piece,  which  thus  extends  the  whole 
length  of  the  tail.  The  spermatozoon  is  propelled 
forward  by  a  spirally  lashing  movement  of  the  tail, 
similar  to  the  movement  of  cilia.  Movement  of 
cilia,  however,  ceases  as  soon  as  they  are  removed 
from  their  cell,  which  is  not  the  case  with  the  tail  of  a 
spermatozoon,  in  which  motion  seems  to  be  an  in- 
trinsic quahty.  So  long  as  spermatozoa  remain  in 
the  male  passages  they  are  inert,  but  become  active 
as  soon  as  expelled. 

Spermatozoa  differ  a  great  deal  in  the  different 
species  of  animals.  They  arc  very  hardy  cells,  and 
in  the  female  passages  may  live  for  days  and  even 
weeks.     In  some  domestic  birds,  as  turkeys,  they 
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live  at  least  a  month,  while  in  bats  copulation  takes 
place  in  the  fall  and  fertilization  follows  in  the  spring. 

Excretory  Ducts  of  the  Testis. — These  ducts  are 
the  tubuli  recti,  rete  testis,  vasa  efferentia,  epididy- 
mis, and  vas  deferens. 

Tubuli  Recti, — ^The  seminiferous  tubules,  towards 
the  mediastinum,  unite  at  acute  angles  to  form  a 


Fig.  211. — DiaRram  of  human  t^^tLlc    longiludinal  seclioD. 


scries  of  short  parallel  straij;ht  tubes  called  the  tu- 
buli recti.  They  arc  clothed  by  a  simple  layer  of  low 
cubical  epithelium. 

The  reic  testis  consists  of  a  reticulum  of  tubules 
formed  by  an  anastomosis  of  the  tubuli  recti  in  the 
mediastinum.  They  are  lined  by  simple  columnar 
epithelium. 

The  vasa  efjerentia  are  tubules  that  lead  from  the 
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upper  portion  of  the  rete  testis  through  the  tunica 
albuginca  to  the  epididymis.  There  are  alxiut  fif- 
teen of  them.  They  are  lined  by  simple  columnar 
ciliated  epithelium,  and  represent  tubules  that  era- 
bryologically  belong  to  the  mesoncphros.  Outside 
of  the  epithelium  is  a  thin  investment  of  areolar 
tissue  in  which  smooth  musde  cells  interlace. 

The  epididymis  is  a  very  much  coiled  canal,  about 
twenty  feet  long,  formed  by  the  confluence  of  the 
vasa  efferentia.  , 

At  the  upper 
and  posterior 
border  of  the 
testis  the  vasa 
efferentia    and 

epididymis       ^|^r  yj;V 

forma  globular 
mass  of  tubules 
called  the  glo- 
bus major.     At 

the  lower  and  fig,  m.-cwss  setiiuii  »(  opididymi 

posterior     bor- 
der there  is  a  smaller  mass  of  coiled  tubules  formed  ^ 
by  the  epididymis,  and  called  the  t/lobus  minor. 
The  epididymis  is  lined  by  simple  epithelium  which 
is  ciliated  in  most  places,  but  interposed  are  patches 
of  nonciliated  cells.     The  latter  form  small  areas  that 
resemble  glands.     Kxternal  to  this  epithelium  there  ■ 
is  a  thin  layer  of  smooth  muscle  fibers  which  blends- , 
with  vascular  areolar  tissue. 

The  vas  deferens  begins  at  the  lower  margin  of  the 
globus  minor  and  is  a  direct  continuation  of  the 
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canal  of  the  epididymis.  It  is  a  duct  about  twelve 
inches  long,  but  when  unraveled  and  extended  it  is 
eighteen  to  twenty  inches  in  length.  At  first  it  is 
rather  tortuous,  but  soon  becomes  straight  and 
ascends  along  the  inner  border  of  the  epididymis  to 
pass  directly  to  the  external  abdominal  ring,  taking 
a  vertical  course  and  forming  a  part  of  the  spermatic 
cord.  It  then  passes  through  the  inguinal  canal, 
and  reaching  the 
internal  abdomi- 
nal ring,  turns 
quickly  down- 
ward and  inward 
to  the  side  of  the 
bladder  upon 
which  it  descends, 
curving  backward 
and  downward  to 
the  neck  of  the 
bladder,  where  it 
enters  the  urethra 
through  the  pros- 
tate gland.  In  its 
external  to  tlic  peritoneum. 


abdominal  course  it  lie 


and  along  the  bladder  wall  it  arches  between  the 
latter  and  the  urvtcr.  Along  this  wall  it  becomes 
sacculated  and  near  its  terminus  gives  off  a  lateral, 
enlarged,  and  sacculated  diverticulum,  the  seminal 
vesicle.  The  distal  end  Iwyond  the  opening  of  the 
seminal  vesicle,  is  a  narrow  straight  tube  called  the 
ejacuhUory  duct. 

Structure. — The  wall  of  the  vas  deferens  has  three 
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coats,  an  inner  mucous,  a  middle  muscular,  and  an 
outer  fibrous.  The  mucous  membrane  generally 
presents  two  or  three  longitudinal  folds  and  is  lined 
with  simple  columnar  epithelium.  According  to 
some  investigators  it  may  be  ciliated  in  places  and 
even  resemble  the  transitional  epithelium  of  the 
ureters.  The  membrana  propria  resembles  that  of 
other  mucous  membranes.  No  glands  are  present. 
The  muscular  layer  is  of  the  smooth  variety.  It  con- 
sists of  a  strong  inner  circular  and  an  outer  longi- 
tudinal layer.  Near  the  epididymis  an  extremely 
thin  layer  of  longitudinal  muscle  fibers  is  present 
inside  of  the  circular  layer.  The  fibrous  layer  con- 
sists of  loose  areolar  tissue,  w4th  which  are  asso- 
ciated blood  and  lymph  vessels. 

Paradidymis. — This  consists  of  a  set  of  branched 
tubules  that  leads  off  as  blind  diverticulae  from  the 
canal  of  the  epididymis  or  the  vas  deferens.  There 
is  one  diverticulum  or  several  of  them.  The  length 
of  these  tubules  when  unraveled  varies  from  two  to 
twelve  inches,  and  histologically  they  resemble  the 
structure  of  the  vasa  elTerentia.  Morphologically  the 
paradidymis  is  analogous  to  the  paroophoron  found 
in  the  broad  ligament  of  the  ovary,  the  origin  of 
both  being  associated  with  the  development  of  the 
tubules  of  the  mesonephros. 

»  Hydatid  of  Morgagni. — There  are  two  of  these 
bodies.  One  of  them,  more  constant  than  the  other, 
lies  usually  between  the  globus  major  and  the  testi- 
cle and  is  called  the  sessile  hydatid.  It  is  a  small 
cone-shaped  body  of  epithelial  cells  and  represents 
the  peritoneal  end  of  Mliller's  duct,  the  analogue  of 
19 
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the  fimbriated  ehd  of  the  Fallopian  tube  in  the 
female.  The  other  is  less  constant  and  lies  usually 
just  external  to  the  globus  major  and  is  called  the 
stalked  hydatid.  It  is  an  epithelial  body  and  repre- 
sents vestiges  of  the  peritoneal  end  of  the  pronephric 
or  Wolffian  duct.  The  stalked  hydatid  is  also 
present  in  the  female,  where  it  resembles  a  small 
cyst  closely  associated  with  one  of  the  fimbriae  of  the 
Fallopian  tube. 

The  distance  passed  by  the  spermatozoa,  before 
being  eliminated  by  the  urethra,  is  approximately 
twenty-four  feet.  The  chief  ducts  and  their  lengths 
are:  seminiferous  tubules,  each  two  feet  long;  epi- 
didymis, twenty  feet;  and  vas  deferens,  two  feet. 
The  spermatozoa  are  themselves  perfectly  inactive 
in  making  this  passage.  During  the  copulation  act 
they  are  discharged  probably  from  the  whole  length 
of  the  vas  deferens  by  peristaltic  contraction  of  this 
duct,  and  not  only  from  the  seminal  receptacle  as 
formerly  supposed.  The  supply  of  spermatozoa 
is  extensive.  If  each  testicle  has  eight  hundred 
seminiferous  tubules,  each  two  feet  long,  then  there 
are  sixteen  hundred  feet  of  epithelial  lining  for  each 
organ  engaged  in  the  production  of  spermatozoa. 
The  semen  consists  of  a  fluid  part,  secreted  mainly 
by  accessory  reproductive  glands,  and  cell  elements 
or  spermatozoa  that  develop  in  the  testes.  In  man 
there  are  about  sixty  thousand  spermatozoa  to  each 
cubic  millimeter  of  semen. 

Vessels  and  Nerves. — The  spennatic  artery  supplies 
the  tubules  of  the  testicles  and  the  epididymis  with 
blood  directly  from  the  abdominal  aorta.     It  is  a 
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long,  slender  artery  that  joins  the  spermatic  cord 
as  the  latter  passes  through  the  inguinal  canal.  As 
the  vessel  approaches  the  testicle,  it  sends  branches 
to  the  epididymis  and  then  divides  into  other 
branches  that  ramify  among  the  seminiferous 
tubules.  The  vas  deferens  receives  a  slender 
branch  from  one  of  the  vesical  arteries.  This  is 
called  the  artery  of  the  vas  deferens,  and  reaches  as 
far  as  the  testis,  where  it  anastomoses  with  the 
spermatic  artery. 

The  spermatic  veins  begin  in  the  testis  and  epi- 
didymis and  pass  out  at  the  posterior  border  of  the 
organ,  where  they  unite  into  large  veins  that  form 
a  plexus  along  the  spermatic  cord.  Inside  the  abdo- 
men this  plexus  unites  to  form  a  siii,i,'lc  trunk,  the 
spermatic  vein,  which  on  the  right  side  opens  into  the 
vena  cava,  and  on  the  left  side  into  the  renal  veins. 

The  lymphatics  are  very  extensive  and  accompany 
the  veins.  They  terminate  in  the  lymphatic  glands 
which  encircle  the  large  blood-vessels  in  front  of  tlie 
vertebral  column. 

The  nerves  are  derived  from    the    sympathetic 
system.     There  is  a  spermatic  plexus  that  accom- 
panies the  spermatic  artery,  and  some  fibers  from  the 
hypogastric  plexus  that  accompany  the  artery  of  tlie  - 
vas  deferens.  ■ 

THE  PENIS.  I 

The  penis  is  a  vascular  organ  composed  principally 
of  two  corpora  cavernosa,  one  corpus  spongiosum, 
which  encloses  the  urethra,  and  the  glans,  which  is 
really  the  distal  end  of  the  corpus  spongiosum. 

The  integument  of  the  penis  is  very  thin  and  loosely 
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attached.  It  is  devoid  of  fat  and  hair  and  darker  iq 
color  than  the  skin  generally.  Over  the  glans  it  i 
redoubled  in  a  loose  fold,  the  prepuce  or  foreskim 
The  inner  layer  of  this  fold  is  attached  firmly  to  the 
base  of  the  glans  or  cervix,  and  from  there  it  becomes 
closely  adherent  to  the  glans  as  far  as  the  orifice  of 
the  urethra,  where  it  meets  the  mucous  membrane 
of  the  latter.  Over  the  glans  it  is  red,  thin,  and 
moist,  and  beset  with  numerous  large  vesicular  and 


.  ci,  Llirougli  ihi-  glan!,;Ii,  througli  lliebody. 


nerve  papillie,  but  devoid  of  glands,  excepting 
around  the  cervix,  where  large  sebaceous  glands  are 
numerous,  called  glands  nj  Tyson,  which  secrete  a 
white,  waxy,  odoriferous  substance,  the  smegma. 

The  corpora  cavernosa  are  two  parallel  cylindrical 
masses  of  erectile  tissue  that  He  in  the  dorsum  of  the 
penis.  They  blend  together  in  the  anterior  portion, 
and  toward  the  root  of  the  penis  diverge  to  become 
firmly  attachcrl  to  the  pubic  and  ischial  rami.  The 
anterior  extremity  of  the  corpora  cavernosa  is  cov- 
ered by  the  (iliins  penis. 

Structure  of  Corpora  Cavernosa. — There  is  a  median 
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fibrous  septum  between  the  two  corpora  cavernosa 
which  becomes  thin  anteriorly  and  incompletely 
separates  the  two  bodies.  There  is  an  external 
fibrous  investment,  very  strong  and  elastic.  This 
is  composed  mostly  of  longitudinal  bundles  of  white 
fibers  with  interlacing  elastic  fibers.  These  fibers 
are  intimately  associated  with  the  median  septum 
and  also  with  connective- tissue  trabecute  that 
ramify  through  the  substance  of  the  cavernous 
bodies.  The  substance  of  the  latter  is  called  erectile 
tissue  and  is  of  a  spongy  nature.  The  trabecule 
anastomose  and  interlace  freely  to  form  a  multitude 
of  interstices  or  cavernous  spaces.  These  arc  filled 
with  venous  blood,  and  arc  really  a  complex  system 
of  veins  lined  by  a  layer  of  flattened  epithelium  as 
in  other  veins.  In  the  anterior  portion  of  the  penis 
the  venous  labyrinth  of  one  corpus  cavernosum 
intercommunicates  with  that  of  the  other  through 
the  incomplete  septum.  In  the  erectile  condition 
the  corpora  cavernosa  are  distended  with  blooil 
which  is  carried  away  by  two  sets  of  veins,  the  one 
set  joining  the  prostatic  plexus  and  the  pudendal 
veins,  and  the  other  draining  into  the  dorsal  vein 
of  the  penis.  The  arterial  blood  is  supplied  mainly 
by  branches  of  the  pudic  arteries,  but  the  dorsal 
artery  of  the  penis  sends  a  few  branches  through  the 
fibrous  sheath,  particularly  in  the  forepart  of  the 
organ.  The  arteries  ramify  in  the  trabecule  and 
terminate  in  minute  capillary  branches  that  open 
into  intertrabeeular  spaces.  Some  of  the  smaller 
arteries  project  into  the  spaces,  fonning  peculiarly 
twisted  or  looped  vessels  called  hdicine  arteries. 
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The  corpus  spongiosum  is  also  composed  of  erectile 
tissue,  but  is  a  single  cylindrical  body  that  lies  below 
and  between  the  corpora  cavernosa.  Its  posterior 
extremity  is  much  enlarged  and  rounded,  and  is 
called  the  bulb.  This  lies  in  the  ventral  portion  of 
the  root  of  the  penis  just  in  front  of  the  triangular 
ligament.  Anteriorly  the  corpus  spongiosum  forms 
the  glans  penis,  which  caps  the  corpora  cavernosa. 
The  border  of  the  glans  is  rounded  and  projecting 
and  is  called  the  corona  glandis,  behind  which  is  a 
constriction  of  the  penis,  the  cervix.  In  the  whole 
of  its  extent  the  corpus  spongiosum  encloses  the 
urethra. 

Structure  of  Corpus  Spongiosum. — ^This  resembles 
the  erectile  tissue  of  the  corpora  cavernosa,  and  like 
the  latter  is  distended  with  blood  during  erection, 
but  is  less  rigid.  The  venous  labyrinth  is  a  finer 
meshwork  and  the  trabeculae  and  fibrous  tunic  is 
much  thinner.  In  the  glans  the  meshes  are  particu- 
larly small  and  uniform.  Plain  muscle  fibers  enclose 
the  urethra  and  also  form  a  part  of  the  external  coat. 

Urethra  in  the  Male. — The  male  urethra  extends 
from  the  bladder  to  the  end  of  the  penis,  in  length 
about  eight  and  one-half  inches.  Its  walls  are 
in  apposition,  excepting  during  the  passage  of  urine 
or  semen.  The  urethral  cleft  in  the  glans  is  vertical; 
in  the  body  of  the  penis  it  is  transverse;  and  through 
the  prostatic  portion  near  the  bladder  it  is  crescentic. 
It  is  lined  by  a  mucous  membrane,  external  to  which 
is  a  double  layer  of  smooth  muscle  fibers,  the  inner 
fibers  disposed  longitudinally  and  the  outer  circular. 
For  descriptive  purposes  the  urethra  is  divided  into 
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a.-proslalic  portion,  a  membra )wus  portion,  and  a 
spongy  or  penile  portion. 

1.  The  prostatic  portion  is  about  one  and  one- 
fourth  inches  in  length  and  passes  through  the 
prostate  gland.  This  is  the  widest  portion  of  the 
urethra  and  passes  vertically  from  the  neck  of  the 
bladder  to  the  triangular  ligament  of  the  perineum. 
In  cross  section  the  canal  is  crescentic  with  its  con- 
vexity turned  forward.  The  lining  membrane  pre- 
sents longitudinal  folds,  and  along  the  posterior 
wall  is  a  prominent  median  ridge  which  gives  rise  to 
the  crescentic  form  of  the  urethra  when  seen  in  sec- 
tions. This  ridge  is  called  the  crista,  or  verumon- 
tanum.  The  longitudinal  groove  on  each  side  of  the 
crista  is  called  the  prostatic  sinus,  which  is  pierced 
by  numerous  orifices  of  the  prostate  gland.  In  the 
middle  of  the  crista  is  the  orifice  of  a  blind  recess, 
and  at  the  lateral  margins  of  this  are  the  slit-hke 
openings  of  the  seminal  or  ejaculatorj'  ducts.  The 
median  or  blind  recess  is  a  cul-de-sac  which  passes 
upward  and  backward  for  a  distance  of  one-fourth 
to  one-half  inch,  and  is  called  the  sinus  pocularis 
or  masculine  uterus.  It  represents  embryologically 
the  fused  ends  of  Miiller's  duct,  and  is  therefore  mor- 
phologically equivalent  to  the  female  uteins.  The 
epithelium  of  this  part  of  the  urethra  resembles  that 
of  the  bladder  and  is  of  the  transitional  variety.  In 
the  sinus  pocularis  it  is  said  by  some  to  be  simple 
ciliated  like  that  of  the  uterus. 

2.  The  membranous  portion  is  about  three-fourtlis 
inch  in  length  and  lies  between  the  two  layers  of  the 
triangular  hgaraent.     It  is  the  narrowest  part  of  the 
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urethra,  not  more 
thiin  one-fifth 
iiic!i  in  diameter, 
and  curves  so  as 
to  be  directed 
downward  and 
slightly  forward 
bencatli  the  pubic 
arch.  The  epi- 
ihchum  in  this 
part  varies.  Por- 
tions of  it  resem- 
ble that  of  the 
bladder,  but  more 
often  it  presents 
the  appearance  of 
pseudo-stratified 
with  two  or  three 
layers  of  nuclei. 

3,  The  spongy 
portion  is  by  far 
the  longest  and 
most  variable  in 
length  and  direc- 
tion. Its  length  is 
alx)ut  six  inches, 
and  its  entire 
course  is  in  the 
corpus  spongio- 
sum. The  epithe- 
lial liningncar  the 
meatus   is  strati- 
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fied  squamous,  and  directly  continuous  with  the 
skin.  The  rest  of  this  portion  is  hned  by  columnar 
pseudo-strati fied  epithchum  with  two  or  more  rows 
of  nuclei. 

The  whole  length  of  the  urethra,  excepting  its  distal 
end,  is  beset  withsmall  racemose  mucous  glands  called 
glands  of  Litlrc.  These  vary  much  in  size,  some 
of  them  being  sacculated.  Most  of  them  open  in  the 
floor  of  the  urethra,  their  ducts  passiny  obliquely  for- 
ward through  the  lining  membrane.  In  urethral  infec- 
tions these  glands  liecome  involved,  as  a  rule,  which 
increases  the  difficulty  of  eliminating  the  disease. 

The  Urethra  in  the  Female. — Tlie  female  urethra 
is  about  one  and  one-half  inches  in  length,  and  cor- 
responds to  the  male  urethra  between  the  bladder 
and  the  opening  of  the  cjaculatory  ducts.  It  is 
directed  downward  and  forward  parallel  to  the  an- 
terior wall  of  the  vagina,  to  which  it  is  attached. 
The  transverse  diameter  of  the  closed  tube  is  about 
one-fourth  inch,  but  it  is  capable  of  great  disten- 
tion, sufficient  to  admit  the  index  finger.  The  ex- 
ternal orifice,  or  meatus,  is  a  vertical  slit  with  prom- 
inent margins,  on  which  may  be  seen  the  orifices  of 
two  small  glands,  called  Skene's  (/lands.  The  latter 
are  subject  to  infection  in  urethral  disiturbances  and 
often  give  rise  to  severe  irritations. 


THE  PROSTATE  GLAND. 
The  prostate  gland  is  a  muscular  as  well  as  glandu- 
lar organ  that  surrounds  the  prostatic  portion  of  the 
male  urethra.     It  atrophies  in  the  adult  after  cas- 
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.  tration,  and  remains  undeveloped  if  the  testides 
are  removed  in  infancy,  which  supports  the  view 
that  it  is  an  accessory  organ  of  generation.  Its 
size  varies  considerably,  but  its  average  transverse 
or  longest  diameter  is  one  and  one-half  inches, 
its  antero-posterior  diameter  about  three -fourths 
inch,  and  its  vertical  diameter  one  and  one-fourth 
inches.  Since  the  urethra,  and  also  the  ejaculatory 
ducts,  pass  through  the  organ,  the  gland  tm  this 
account  may  be  divided  into  three  lobes.  The 
wedge-shaped  portion  that  lies  between  these  ducts 
and  the  cervix  of  the  bladder  is  called  the  middle 


—Section  from  the  prostate  gtand 


lobe,  and  the  rest  of  the  gland  is  spoken  of  as  the 
lateral  lobes.  It  is  the  latter  that  often  hypertrophy 
in  old  age  and  are  removed  in  prostatectomy.  The 
gland  lies  in  close  apposition  to  the  rectum,  and  with 
the  finger  in  the  latter  it  can  readily  be  palpated. 

The  prostate  is  a  compound  tubulo-alveolar  gland 
whose  ducts  open  into  the  prostate  portion  of  the 
urethra.    Smooth  muscle  fibers  not  onlv  surround  the 


RBPRODUCTIVB  ORGANS  IN  THB  MALE.        299 

organ,  but  interlace  radially  toward  its  center,  form- 
ing a  network  in  whose  meshes  the  glandular  parts  are 
located.  Areolar  tissue  and  blood-vessels  accom- 
pany the  muscle  tissue.  The  alveoli  of  the  glands 
are  lined  by  simple  columnar  epithelium,  which 
sometimes  show  two  rows  of  nuclei.  These  alveoli 
contain  a  serous  acid  coagulum  and  usually  oval 
laminated  concretions  called  prostatic  bodies.  The 
latter  are  more  numerous  in  old  men.  The  numer- 
ous excretory  ducts  unite  to  form  twelve  to  fifteen 
collecting  tubes  which  open  into  the  urethra,  most 
of  them  into  the  prostatic  sinus.  These  ducts  are 
lined  by  simple  columnar  epithelium,  except  near 
their  terminations  where  it  is  transitional.  The 
organ  dorsal  or  in  front  of  the  urethra  is  mostly 
smooth  muscle  tissue. 

In  old  people  the  prostate  gland  frequently  hyper- 
trophies and  produces  urethral  stricture  with  reten- 
tion of  urine.  Prostatectomy  or  the  removal  of  the 
lateral  lobes,  usually  corrects  this  defect,  but  is  a 
serious  operation  on  account  of  the  commonly  feeble 
condition  of  these  patients.  Vasectomy,  a  much 
simpler  operation,  sometimes  gives  satisfactory  re- 
sults, but  is  not  to  be  relied  upon. 

Cowper's  glands  are  a  pair  of  small  oval  bodies 
about  the  size  of  a  pea,  situated  in  the  space  between 
the  triangular  ligaments  and  in  close  proximity  to 
the  membranous  portion  of  the  urethra.  They  are 
compound  tubulo-alveolar  mucous  glands  lined  by 
simple  cubical  epithelium.  Their  excretory  ducts, 
one  for  each  gland,  are  one  and  one-half  inches  long 
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and  run  forward  near  each  other  to  open  into  the 
floor  of  the  bulbous  portion  of  the  male  urethra. 

In  the  female  the  analogue  of  these  bodies  is 
called  the  glands  of  Bartholin.  They  open  into  and 
lie  in  close  apposition  to  the  female  urethra.  They 
may  be  palpated  in  the  lateral  walls  of  the  vestibule 
of  the  vagina. 


CHAPTER  IX. 

REPRODUCTIVE  ORGANS  IN  THE  FEHALE. 

Under  this  head  will  be  described  the  ovaries, 
Fallopian  tubes,  uterus,  vagina,  and  mammary 
gland. 

THE  OVARIES. 

The  ovaries  are  two  dehiscent  glandular  organs 
that  develop  from  the  mesoderm  in  close  apposition 
to  the  raesonephros.  Each  ovary  measures  about 
one  and  one-half  inches  in  length,  three-fourths 
inch  in  breadth,  and  nearly  one-half  inch  in  thickness. 
In  early  fetal  life  the  ovaries  lie  close  to  the  kidneys, 
but  later  they  pass  down  into  the  pelvis  where  they 
lie  in  close  proximity  to  the  iliac  fossa.  The  exact 
position  varies  considerably,  but  in  the  majority  of 
cases  they  will  be  found  placed  against  the  side  wall 
of  the  pelvis  with  their  long  axis  parallel  to  that  of  the 
body.  Each  ovary  is  held  in  position  by  a  suspen- 
sory ligament,  which  is  a  peritoneal  fold  that  passes 
downward  from  the  brim  of  the  pelvis  and  contains 
the  ovarian  vessels  and  nerves,  and  also  by  the  ova- 
rian ligament,  which  passes  to  the  uterus  and  is 
really  a  reduplication  of  the  broad  ligament.  The 
Fallopian  tube  partly  encircles  the  ovary  and  also 
contributes  to  its  support. 

Capsule  of  the  Ovary. — The  external  surface  of  the 
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ovary  is  of  a  pale  color  and  in  early  life  is  smooth  and 
even,  but  in  later  life  it  becomes  rough  and  marked 
by  pits  and  scars.  This  is  caused  by  the  rupture  of 
Graafian  follicles  and  the  expulsion  of  ova.  It  is 
covered  by  an  epitheliura  which  is  continuous  with 
that  of  the  peritoneum,  but  differs  from  the  latter 


'0 

Fig.  aiS. — Diagram  of  female  Riii 

in  being  Hned  by  cubical  cells  instead  of  the  simple 
pavement  variety.  This  ovarian  epithelium  is  the 
germinal  epithelium  of  embryos,  froin  which  the  ova 
and  the  other  epithehal  cells  of  each  (Graafian  follicle 
are  derived.  The  germinal  epithelium  rests  upon  a 
rather  dense  investment  of  fibrous  tissue,  analo- 
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gous  to  a  like  structure  in  the  testicle,  and  is  there- 
fore called  the  tunica  albuginea.  This  is  not  a  dis- 
tinct tunic  but  rather  a  condensed  part  of  the  ova- 
rian matrix.  It  is  not  well  defined,  and  is  difficult 
to  demonstrate  in  sections. 

The  medulla  is  practically  the  core  of  the  ovary 
and  consists  of  a  fibro-muscular  matrix  well  supplied 


Fig.  9IQ.— Swlbn  from  Lu.iry  i.f  .kIuIi  ilog,  At  Lhc  righl  the  stellate 
figure  represents  a  mllaiiscrl  fuU'icle  with  its  cuntcnta.  Below  and  at  the 
right  are  .wen  the  tubules  of  the  parovarium  (cupied  [rum  Waldeyer}. 


with  blood-  and  lymph-vessels.  In  this  substance 
may  be  found  connective-tissue  cells,  connective- 
tissue  fibers  and  a  limited  supply  of  smooth  muscle 
fibers. 

The  Cortex. — Between  the  medulla  and  the  cap- 
sule is  the  cortex.  It  is  a  broad  zone,  not  well  de- 
fined, in  which  are  found  the  same  elements  as  in  the 
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medulla,  and  in  addition  Graafian  follicles  in  different 
stages  of  development,  and  in  older  ovaries  also  cor- 
pora lulea. 

Young  Graafian  FoIlicIes-^Early  in  embryonic  life, 
when  the  ovary  is  clothed  with  the  germinal  epi- 
thelium which  later  becomes  the  epithelium  of  the 
capsule,  epithelial  buds  or  strings  of  ^'pithelial  cells 
push  their  way  into  the  ovarian  cortex.  These  buds 
soon  lose  their  connection  with  the  genninal  epitlie- 
lium  and  form  little  groups  or  nests  of  cells  known  as 
young  Graafian  follicles.  In  each  follicle  one  cell 
takes  a  central  posi- 
EnihriijUwdi.  tion  and  is  the  egg 

cell  or  ovum,  des- 
tined, under  proper 
conditions,  to  de- 
\'elop  into  a  new  be- 
ing. The  ovum  in- 
creases rapidly  in 
size,  receiving  pro- 
tection and  possibly 
nourishment  from  the  investing  cells.  The  repro- 
ductive cells,  iKJth  ova  and  spermatozoa,  can  thus  be 
traced  directly  from  the  genninal  epithelium,  which 
is  of  mesoderniie  origin  and  closely  related  to  the 
pavement  epithelium  of  the  peritoneum. 

The  Graafian  follicles  occupy  the  cortical  layer  of 
the  ovary.  They  are  all  formed  during  embryonic 
life,  and  whatever  influence  environmt'nt  has  ujwn 
the  offspring,  that  inlluencc  leaves  its  impression  not 
upon  the  origin  of  the  reproductive  cells,  but  ui>on 
their  later  development.     At  time  of  birth  it  is  esti- 


FiS- 


ian  from  ovarj'  (rf  younn 


ft 


REPRODUCTIVE   ORGANS   IN    fHE   FEMALE.       ^05 

mated  that  there  are  thirty-five  thousand  eggs  or 
ova  to  each  ovary.  Only  a  small  number  of  these 
ripen  and  become  discharged  as  mature  eggs.  The 
extrusion  of  these  eggs  from  the  ovary  is  known  as 
ovulation,  and  in  woman  is  supposed  to  occur  during 
the  menstruation  period,  one  from  each  ovary. 
Menstruation  in  a  normal  woman  extends  generally 
over  a  period  of  thirty-two  years,  Ijetween  the  ages  of 
thirteen  and  forty-five.  If  thirteen  eggs  ovulate 
yearly  from  each  ovary,  there  will  be  a  possible  total 


Fig.  321.— Young  Graafian  tollitles:  a,  follicle  wilh  one  layer  ot  epithe- 
lial cells;  b,  follicle  with  Ino  layers  of  epilhi^lial  cells. 


of  eight  hundred  and  thirty-two  that  may  ripen  dur- 
ing the  life  of  a  woman,  allowing  no  interruption  for 
pregnancies.  After  the  menopause,  ovulation  is 
supposed  to  cease. 

The  Ripe  Graafian  Follicle.— It  has  already  been 
stated  that  only  a  small  number  of  the  young  ova 
ripen  and  ovulate.  These  mature  in  the  following 
manner:  The  ovum  of  such  follicles  occupies  a  cen- 
tral position  where  it  accumulates  food  and  grows 
into  a  large  spherical  cell.     The  investing  epithelium 
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forms  at  first  a  single  layer  d  cells.  These  Temahl 
small  and  multiply  rapidly,  forming  two  layers  of 
cells  between  wUch,  at  one  ade  d  the  fc^de.  a 
cavity  appears.  As  the  follicle  grows  larger  this  cav- 
ity, which  is  eccentric  in  portion,  becomes  filled 
with  a  fluid  called  the  follicular  fluid.  The  ovum 
remains  attached  to  the  side  of  the  f<^licle  and  be- 
comes surrounded  by  several  layers  of  cells  called 
the  discus  proligerus.    The  outer  layer  also  multi- 


Fig.  « 


—Ripe  Graafian  follicle. 


plies,  forming  eight  to  twelve  layers  of  cells  and  is 
then  called  the  stratum  granulosum,  to  which  the 
discus  proligerus  is  attached.  External  to  the 
stratum  granulosum  a  connective-tissue  envelope 
forms,  called  a  Iheca.  This  theca  develops  from  the 
ovarian  stroma  and  consists  of  two  layers,  an  ex- 
ternal, the  theca  fibrosa,  and  an  internal,  the  iheca 
vasculosa,  the  latter  being  supplied  with  a  fine 
plexus  of  lymph-  and  blood-vessels.     The  mature 
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Graafian  follicle  is  thus  a  sphere  that  measures  from 
one-twentieth  to  one-sixth  of  an  inch  in  diameter, 
and  lies  immediately  beneath  the  surface  epithelium 
of  the  ovary. 

The  manner  in  "which  such  folHcIes  rupture  has 
been  variously  explained.     One  rational  theory  is 


'KEu.** 


Fig.  jij.— From  ovary  ol  young  girl  (Bohm  and  Davidoff). 

that  the  pressure  of  the  accumulated  follicular  liquid 
obliterates  the  blood-vessels  in  the  theca  vasculosa 
next  to  the  ovarian  epithelium.  This  establishes  a 
point  of  least  resistance  at  this  place,  the  follicle 
ruptures,  and  the  follicular  fluid  with  the  ovum  is 
discharged   upon   the   surface    of   the    ovary,    the 
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stratum  granulosum  and  most  of  the  discus  prtf- 
li.ijcrus  remaining  behind  in  the  ovary. 

The  Ovum. — The  ovum  has  already  been  men- 
tioned as  a  large  spherical  cell  with  a  large  accumu- 
lation of  food  material.  It  measures  0.2  mm.  in 
diameter  and  is  barely  visible  to  the  naked  eye. 
When  examined  under  the  microscope,  even  before 
the  rupture  of  its  follicle,  it  is  found  encircled  by  a 
clear  substance  called  the  zona  pcllucida,  which  upon 
a  closer  examination  may  be  found  to  contain  trans- 
verse striations,  hence  it  has  also  been  called  zotui 
radiaia.  It  is  not  uncommon  for  a  few  of  the  epi- 
thelial cells  of  the  dis- 
w  •„.i,M.  cus  proligerus  to  re- 
i»ii,i,id.i,  main  attached  to  this 

ij"ui.Tp.ji,  layer,   if    so   they   are 

''bkw'."''  '"     called  the  corona  radi- 
aia.    The  zona  pelluci- 
da  is  a  secretion  from 
ovum.  the  adjoining  cells,  and 

one  theory  of  the  trans- 
verse striations  is  that  they  are  produced  by  minute 
cellular  processes  from  the  cells  that  form  the  corona 
radiata;  that  is,  the  first  row  of  epithelial  cells  In- 
vesting the  ovum.  It  is  affirmed  by  some  that  these 
processes  arc  in  direct  communication  with  the  sub- 
stance of  the  ovum  and  arc  the  means  by  which 
elaborated  food  material  is  contributed  to  the  latter. 
The  zona  pellucida  no  doubt  serves  to  strengthen 
the  delicate  ovum  after  its  expulsion  from  the  ovary. 
The  transverse  stria:  in  this  membrane  may  serve  a 
further  purpose  as  primitive  channels  for  the  entrance 
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of  Spermatozoa,  only  one  of  which  penetrates  the 
substance  of  the  ovum. 

The  substance  of  the  ovum  is  known  as  the  vitellus. 
It  is  a  soft  semifluid  substance  composed  of  cyto- 
plasm in  which  is  deposited  a  liberal  supply  of  food 
material    called   deutoplasm.    The    nucleus  of   the 


Fig.  225. — Scheme  of  the  ilevelopmtnt  and 
ovum  (after  Boveri):  P.  B.,  Polar  bodies.  (Fi 
Eniw.,"  Bd,  I.) 


"Ergebn.  d.  Anat.  u 


ovum  is  called  the  germinal  vesicle,  which  is  placed 
to  one  side  of  the  cell.  The  nucleus  is  unusually 
large,  about  0.05  mm.  in  diameter,  and  has  all  the 
characteristics  of  an  ordinary  cell  nucleus.  This 
was  first  described  by  Purkinje  in  the  ovum  of  birds 
in  1835.     There  is  a  well-defined  nuclear  membrane 
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which  encloses  a  clear  nuclear  substance  in  which 
there  is  a  limited  amount  of  chromatin,  and  the  nu- 
cleus, therefore,  does  not  stain  heavily.  The  nucleo- 
lus, on  the  other  hand,  is  very  prominent  and  is 
called  the  germinal  spot.  Not  infrequently  two 
nucleoli  may  be  found.  There  is  some  doubt  whether 
a  cell  membrane  to  the  ovum  is  present  before  fer- 


Pwimordial  icswii  iitl. 
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tilization.  After  fertilization  such  a  membrane 
appears  and  is  called  the  vitelline  membrane.  As  a 
rule  each  Graafian  follicle  contains  one  ovum;  in  rare 
cases  follicles  are  found  with  two  and  even  with  three 


When  a  Graafian  follicle  ruptures  and  an  ovum  is 
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expelled,  a  ^reat  activity  is  at  once  manifest  in  the 
ovum,  whether  it  is  fertilized  or  not.  The  nucleus, 
which  is  near  the  margin  of  the  ovum,  divides  in  a 
few  hours,  extruding  what  is  termed  the  first  polar 
body.  This  is  normal  cell  division,  or  mitosis.  A 
second  division  quickly  follows,  resulting  in  a  second 
polar  body.  Meanwhile  the  first  polar  body  may 
also  divide.  This  second  division  results  in  a  reduc- 
tion of  one-half  the  number  of  chromosomes,  and 
the  nucleus  thus  reduced  is  called  the  female  pro- 
nucleus, which  is  now  ready  to  unite  with  the  male 
pronucleus  of  the  spennatozoon  and  complete  the 
process  of  fertilization.  The  phenomenon  manifest 
in  the  extrusion  of  the  polar  bodies  is  known  as 
maturation  of  the  ovum,  and  seems  to  be  an  attempt 
on  the  part  of  the  ovum  to  develop  into  a  new  indi- 
vidual without  the  process  of  fertilization;  that  is, 
partkenogcnelically.  If  the  ovum  is  not  fertilized,  it 
shows  no  further  activity  and  is  lost.  If  the  ovum 
is  fertilized  it  continues  to  divide  regularly  and  in  a 
short  time  develops  into  the  embryo.  I 

The  developmental  history  of  ova  is  full  of  interest. 
They  are  very  numerous  and  develop  so  very  early 
in  embryonic  life.  During  childhood  they  grow 
large  and  accumulate  a  liberal  storage  of  food,  while 
the  sister  epithelial  cells  that  form  the  Graafian  fol- 
licle remain  small  and  multiply  rapidly  to  form  the 
ripe  follicle.  This  latent  condition  extends  over  a 
period  of  fifteen  lo  forty  years.  When  the  ripe  fol- 
licle finally  ruptures  and  the  ovum  is  eliminated,  a 
rapid  segmentation  quickly  follows  resulting  in  the 
extrusion  of  the  polar  bodies.     This  is  followed  by  a  j 
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second  passive  period,  unless  fertilization  lakes" 
place,  when  the  ovum  rapidly  develops  into  a  new 
being.  By  far  the  large  majority  of  tlie  ova  remain 
undeveloped  in  the  ovarian  cortex,  wiiere  they  seem 
to  pass  merely  a  passive  existence.  We  have  no 
explanation  of  these  phenomena  beyond  attributing 
them  to  heredity,  the  nature  of  which  is  still  highly 
speculative. 

The  Corpora  Lutea.^A  corpus  luteum  is  the  modi- 
fied Graafian  follicle  after  its  rupture  and  discharge 


Sk  laa  tl  Mory 


Fig.  2J7. — Section  of  co  [  us  luleura. 

of  the  ovum.  This  follicle  remains  permanently 
in  the  cortex  of  the  ovary  as  a  scar.  When  the 
rupture  takes  place  the  follicular  cavity  fills  up  with 
an  exudate  and  an  infusion  of  blood  from  the  rup- 
tured blood-vessels,  This  coagulum  is  quicklj'  in- 
vaded by  white  blood-corpuscles,  connective-tissue 
cells  from  the  theca,  and  epithelial  cells  from  the 
stratum  granulosum.  The  corpus  luteum  thus  ulti- 
mately shows  a  uniform  distribution  of  epithelial 
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cells  and  connective-tissue  cells.  If  the  ovum  be- 
comes fertilized  and  pregnancy  follows,  the  corpus 
luteuin  continues  to  grow  until  it  becomes  many 
times  larger  than  the  original  Graafian  follicle,  causing  I 
a  rounded  elevation  at  that  point  on  the  surface  of  . 
the  ovary.  This  kind  is  called  a  true  corpus  luteum. 
On  the  other  hand,  if  the  ovmn  is  not  fertilized  the 
corpus  luteum  shrinks  and  becomes  smaller  than  the 
original  follicle.  This  kind  is  called  a  false  carpus 
luteum.  The  corpus  luteum  is  at  first  well  defined 
by  the  investing  follicular  theca,  but  after  a  time  its 
limits  are  less  distinct,  so  that  as  age  advances  the 
ovarian  stroma  becomes  gradually  pervaded  with 
cells  like  those  of  the  corpora  lutea, 

THE  FALLOPUN  TUBES. 

The  I'allopian  tubes  are  two  ducts  for  the  passage  \ 
of  ova  from  the  ovary  to  the  uterus.     They  differ  j 
from  the  ducts  of  other  glandular  organs  in  being  ' 
detached  from  the  organs  whose  secretions  they  con- 
vey.    They  are  from  four  to  five  inches  long  and 
pass  almost  horizontally  outwards  from  the  fundus 
of  the  uterus.     When   they  reach  the  ovary  they 
ascend  along  the  pelvic  floor  and  nearly  encircle  each 
organ,  passing  up  the  external  and  down  the  internal 
or  mesial  margins.     Each  tube  is  enclosed  in  the  free  « 
margin  of  the  broad  ligament,  -which  is  a  peritoneal 
fold  that  also  contains  the  round  ligament  of  the.i 
uterus,  the  ovary,  parovarium,  and  numerous  blood- 
and  lymph-vessels. 

For  descriptive  purposes  each  duct  is  divided  into 
an  isthmus,  an  ampulla,  a  neck,  and  a  fimbriated  ex- 
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tremity.  The  isthmus  is  smooth  and  round,  abouT 
one  inch  in  length,  and  opens  into  the  fundus  of  the 
uterus  by  a  small  orifice  that  will  barely  admit  an 
ordinary  bristle.  It  is  a  straight  and  narrow  part  of 
the  duct,  about  2  to  3  mm.  in  diameter.  The  am- 
pulla encircles  the  ovary  and  is  at  least  twice  the  size. 
of  the  isthmus.     It  is  also  less  firm  to  the   toud 


■Cross  sctlion  of  ampulla  of  Fallopian  tube. 


beinti  flabby  while  the  isthmus  is  cord-like. 
neck  is  an  annular  constriction  between  the  ampul 
and  fimhrmled  extremity,  the  latter  being  a  funnd 
shaped  expansion  of  the  ovarian  end  of  the  tub( 
which  terminates  in  a  number  of  irregular  process 
called  fimbria?.  The  fimbriic  vary  considerably  ll? 
size  and  number.     Many  of  them  are  branched,  and 
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one  is  particularly  long  and  attached  to  the  upper 
end  of  the  ovary.  1 

Structure. — ^The  Fallopian  duct  is  a  muscular  tube 
lined  the  whole  length  by  a  mucous  membrane 
clothed  with  simple  ciliated  columnar  epithelium. 
This  mucous  membrane  is  thrown  up  into  longitudi- 
nal folds  that  are  very  broad  and  numerous  in  the 
wide  portions  of  the  tube  and  in  the  narrow  portions 
less  conspicuous.     It  is  continuous  on  the  one  hand 


Fig.  ■ 


with  the  mucous  membrane  of  the  uterus,  and  at  the  " 
other  end  of  the  tube  with  the  serous  lining  of  the 
peritoneum,  being  one  example  of  a  direct  conti- 
nuity of  a  mucous  and  a  serous  membrane.     Glands,  - 
so  numerous  in  the  mucous  membrane  of  the  uterus, 
are  absent  in  the  Fallopian  tube. 

The  mucosa  rests  upon  a  thin  vascular  submucosa 
composed  of  areolar  tissue.  External  to  the  sub- 
mucosa there  is  a  muscular  coat  consisting  of  a  thick 
inner  circular  la,yer  and  a  thin  outer  longitudinal 
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layer  of  smooth  muscle  fibers.  Externally  the  tube 
is  practically  tnclosed  by  the  peritoneum,  forming  a 
serous  covering. 

Etnbryologically,  each  Fallopian  tube  represents  a 
Miillerian  duct,  which  is  derived  from  the  mesoderm. 
In  the  malu  the  Wolffian  duct  develops  into  the  vas 
deferens.  This  duct,  which  is  rudimentary  in  the 
female,  is  called  Gartner's  duct,  and  lies  parallel  to 
the  Fallopian  tube,  lietwecn  the  latter  and  the  round 
ligament.  The  round  ligament  extends  from  the 
uterus  to  the  internal  abdominal  ring  in  nearly  the 
same  position  as  the  vas  deferens  does  in  man. 

Fertilization,  as  a  rule,  takes  place  in  the  upper 
part  of  tht  Fallopian  tube.  In  cases  of  tubal  preg- 
nancy the  ovum  does  not  reach  the  uterus  but  finds 
lodgment  in  the-  tnlte.  The  mucli  folded  mucous 
membrane  allows  considerable  distention,  but  ulti- 
mately the  rapidly  growing  embryo  ruptures  the 
tube,  with  serious  complications  resulting  from  in- 
ternal hemorrhage.  Usually  the  ova  pass  down  the 
tube  on  the  corresponding  side,  but  it  is  possible  for 
the  ova  from  one  ovary  to  pass  down  the  tube  of  the 
opposite  side.  Experimentally,  the  right  ovary  and 
the  left  tube  may  be  removed  in  the  dog  and  the  ani- 
mal still  become  pregnant. 

The  ovaries  have  a  marked  influence  on  the  devel- 
opment and  mentality  of  a  woman  and  their  removal, 
prior  to  the  menopause,  is  followed  by  deleterious 
results,  much  the  same  as  the  removal  of  the  testes 
in  the  male.  While  extracts  from  certain  organs, 
such  as  the  thyroid  gland  and  the  suprarenal  bodies, 
have  specific  medicinal  properties,  extracts  from  the 
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ovaries  give  no  satisfactory  results.  Its  potency  ia  [ 
manifest  only  by  the  living  organ  in  tlie  performance  - 
of  its  normal  function.  The  ovary  or  fragments  of 
it  will  readily  grow  in  other  parts  of  the  body,  and  i 
has  been  successfully  grafted  from  one  animal  to  an-  j 
other. 

The  Parovarium,  or  Epoiiphoron.— The  organ 
bearing  this  name  lies  in  the  broad  ligament  lateral 
to  the  ovary  and  between  the  latter  and  the  tube. 
It  consists  of  a  number  of  closed  epithelial  tubules 
which  can  usually  be  seen  by  holding  this  part  of  the 
ligament  up  against  the  light.  Kmbryologically 
they  represent  the  upper  portions  of  the  Wolffian 
duct  and  some  of  tlie  attached  tubules  of  the  meso- 
nephros,  and  correspond  to  the  vasa  efferentia  in  the  . 
male. 

The  paroophoron  represents  vestiges  of  tubules  f 
similar  to  the  parovarium,  situated  in  the  broad  liga- 
ment  below   the  ovary.     They  correspond   to   the  * 
paradidymis  in  the  male. 

Being  lined  by  epithelial  cells,  either  of  these  or- 
gans may  develop  into  parovarian  or  paroophoron  J 
cysts,  the  former  being  more  common. 


THE  UTERtJS. 
The  uterus,  or  womb,  is  a  hollow  muscular  organ,  ^ 
with  thick  walls,  placed  in  the  pelvic  cavity  between  * 
the  bladder  and  rectum.  In  case  of  pregnancy  it  ] 
receives  and  nourishes  the  ovum  and  later  expels  the  -j 
fetus  at  the  end  of  pregnancy.  During  gestation,  I 
and  also  periodically  during  menstruation,  it  is  sub-  i 
ject  to  marked  physiological  and  structural  clianges.  . 
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It  is  therefore  an  organ  in  which  great  activity  is 
manifest  durinR  the  greater  part  of  adult  life. 

The  fully  developed  virgin  uterus  is  a  pear-shaped 
organ,  flattened  from  before  backward,  free  above, 


and  connected  below  with  the  vagina,  into  which  its 
lower  extremity  projects.  Its  average  dimensions 
are,  three  inches  in  length,  two  inches  in  breadth  at 
its  upper  and  widest  part,  and  one  inch  in  thickness. 
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For  descriptive  purposes  it  is  divided  into  fundus,  J 
body,  an<l  neck,  or  cervix. 

1'he  fundus  is  the  broad  convex  upper  end  that  1 
lies  above  the  attachment  of  the  Fallopian  tubes.     It  < 
is  chiefly  this  part  that  expands  in  case  of  pregnancy. 
The  body  is  the  part  between  tlic  fundus  and  neck. 
This  part  tapers  downward  with  convex  sides.     The  | 


Fig.   S3:. 


-A.   Isolated   muscle -elements  of  the  non-pregnant  l 
teils  from  llic  organ  shortly  atler  delivery  (Sappey). 


neck,  or  cervix,  is  about  one  inch  long,  cylindrical, 
and  projects  into  the  anterior  part  of  the  upper  end 
of  the  vagina.  The  projecting  portion  is  called  the  1 
■vaginal  part,  and  has  a  transverse  oval  aperture, 
called  the  os  uteri,  which  communicates  with  the 
cavity  of  the  uterus.     The  latter  is  a  triangular 
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cavity,  so  flattened  that  the  anterior  and  posteri 
uterine  walls  touch  each  other.  The  base  of  the 
cavity  is  in  the  fundus  and  is  convex  downwards. 
The  tw^  Fallopian  tubes  open  into  the  upper  angles 
each  by  a  small  aperture  that  will  barely  admit  a 
bristle.  The  cavity  tapers  gradually  toward  the 
cervix,  where  it  becomes  constricted  to  form  the  in- 
ternal OS.     The  peritoneum  covers  the  fundus  and 


body  of  the  uterus,  and  posteriorly  extends  down- 
ward to  clothe  the  upper  posterior  wall  of  the  vajjina. 
It  is  then  reflected  back  over  the  rectum,  forming  a 
a  sac  called  the  poucli  of  Douglas.  This  makes  it 
possible  to  open  the  peritoneal  cavity  by  a  puncture 
through  the  upper  posterior  vaginal  wall,  an  operation 
which  establishes  free  drainage  to  the  female  pelvis. 


I 
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Anteriorly  the  peritoneum  does  not  cover  the  wliole 
uterus,  but  at  the  junction  of  the  body  with  the 
neck,  it  is  reflected  back  over  the  bladder  wall  form- 
ing the  utero- vesical  pouch. 

Structure.— The  histology  of  the  uterus  resembles 
that  of  the  Fallopian  tubes,  and  the  layer  of  the  one 
is  continuous  with  that  of  the  other.  Embryologi- 
cally.  these  two  structures,  and  also  the  vagina;  de- 
velop  from    the    Miillerian    ducts,   the   uterus   and 


vagina  representing  the  fused  lower  ends  of  Miiller's 
ducts.  The  whole  uterus,  including  the  epithelial 
lining,  is  therefore  of  mesodermic  origin.  The  uter- 
ine wall  is  composed  of  a  mucosa,  muscular,  and 
serous  layer.  The  Fallopian  tube  has  a  submucosa 
which  is  absent  in  the  uterus. 

The  mucosa,  or  endometrium,  is  the  inner  layer  and 
is  lined  by  simple  columnar  ciliated  epithelium, 
which  at  the  external  05  changes  to  the  stratified 
variety  of  the  vagina.     It   has  a  rich  supply  ot 
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branched  tubular  mucous  glands  which,  in  the  cer- 
vix, are  very  large  and  have  a  tendency  to  become 
sacculated.  These  glands  extend  radially  as  far  as 
the  muscularis,  and  some  of  them  may  even  pene- 
trate a  short  distance  into  the  muscle  coat.  The 
gland  ducts  are  lined  by  ciliated  epithelium,  while 
in  the  deeper  portions  ciHa  are  absent  and  the  epi- 
thelium becomes  simple  cubical,  resembling  a  glandu- 
lar type.  Most  of  these  glands -take  a  tortuous  or 
spiral  course,  and  are  separated  from  each  other  by 
an  interstitial  tissue  composed  of  connective-tissue 
cells.  These  cells  are  of  the  embryonic  type,  rich  in 
chromati}]  and  therefore  stain  heavily  with  nuclear 
dyes.  The  relative  amount  of  interstitial  and 
glandular  tissue  in  a  normal  uterine  mucosa  should 
be  approximately  equal  parts.  The  connective 
tissue  predominates  in  interstitial  endometritis,  and 
the  glandular  tissue  in  adenitis.  The  whole  uterine 
mucosa  is  unusually  thick  and  very  vascular.  In  a 
mature  woman  it  is  normally  subject  to  marked 
periodic  changes  resulting  from  menstrual  condi- 
tions, which  reach  a  high  degree  of  complexity  in 
case  of  pregnancy.  The  action  of  the  cilia  tend  to 
produce  a  downward  movement  of  the  uterine 
secretions  and,  therefore,  opposite  to  the  upward 
movement  of  spermatozoa. 

The  Muscular  Layer. — The  muscularis  is  an  unusu- 
ally thick  layer  of  smooth  muscle  cells  which  in  the 
non-pregnant  uterus  measure  forty  to  sixty  mi- 
crons, while  at  the  end  of  pregnancy  the  cells  measure 
four  hundred  to  six  hundred  microns  in  length. 
These  muscle  cells  are  arranged  in  bundles  with  a 
considerable  amount  of  connective-tissue  fibers  and 
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cells  interlacing  them,  imparting  strength  and  elas- 
ticity to  the  uterine  wall.  There  has  been  consid- 
erable discussion  as  to  the  exact  disposition  of  the 
different  layers  of  this  musculature  which,  in  a  gen- 
eral way,  may  be  divided  into  three  strata:  (i)  an 
inner  layer  of  longitudinal  fibers,  by  some  called 
the  muscularis  mucosa;  (2)  a  middle  circular  layer, 
and  (3)  an  outer  thin  layer  of  fibers  that  run  diago- 
nally or  somewhat  irregularly.  The  inner  layer  is 
much  the  thickest;  none,  however,  is  sharply  de- 
fined. 

The  serous  coat  is  the  peritoneal  lining  which  con- 
sists of  connective-tissue  elements  and  an  invest- 
ment of  simple  pavement  epithelium. 

Vessels  and  Nerves. — The  arteries  that  supply  the 
uterus  are  arranged  in  two  pairs, — the  uterine  and 
ovarian.  The  uterine  artery  is  a  branch  of  the  an- 
terior division  of  the  internal  iliac.  It  reaches  the 
upper  portion  of  the  vagina,  and  then  ascends  in  a 
very  tortuous  manner  along  the  lateral  border  of  the 
uterus  to  the  fundus,  where  it  divides  into  two 
branches,  one  of  which  anastomoses  with  the  ovarian 
artery  and  the  other  supplies  the  Fallopian  tube. 
From  the  ascending  portion  many  side  branches  are 
given  off  which  penetrate  the  uterine  wall  and  ramify 
in  the  muscle  tissue  and  the  mucosa.  These 
branches  are  very  tortuous  so  that  the  uterus 
can  expand  in  pregnancy  without  breaking  the 
vessels. 

Tlie  veins  are  very  large  and  have  no  valves. 
They  form  large  sinuses  mostly  along  the  lateral 
walls,  from  which  the  blood  is  collected  into  two 
trunks:  (i)  the  uterine  vein  accompanies  the  utes- 
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ine  artery  and  empties  into  the  internal  iliac  veiil'f* 
(2)  vessels  communicate  with  the  ovarian  or  pam- 
piniform plexus  which  drains  through  the  ovarian 
veins. 

The  lymphatics  begin  in  the  interstitial  substance 
of  the  mucosa,  and  uniting  with  lymphatics  from 
the  muscularis,  emerge  to  form  a  rich  plexus  just 
beneath  the  serous  covering.  This  plexus  drains 
along  two  channels:  {1)  by  lymphatic  vessels  that 
accompany  the  uterine  veins;  (2)  vessels  that  ac- 
company the  ovarian  veins.  The  blood  and  lymph 
drainage  is  therefore  in  two  directions.  That  of  the 
fundus  is  toward  the  ovary,  and  that  of  the  body  and 
cervix  is  in  the  opposite  direction  along  the  uterine 
vessels,  Tliis  is  of  clinical  importance  in  the  spread 
of  infections. 

The  nerves  are  non-medullated  fibers  from  the  in- 
ferior hypogastric  plexus,  and  meduUated  from  the 
third  and  fourth  sacral.  The  non-medullated  sup- 
ply the  muscle  while  the  meduUated  fillers  have  been 
traced  to  the  mucosa,  where  they  form  a  plexus  from 
which  fibers  pass  to  the  surface  epithelial  cells.  An- 
other set  arborize  about  the  mucous  gland  cells. 
Sympathetic-nerve  ganglia  are  associated  with  the 
non-meduUated  fibers. 

Menstruation. — This  consists  of  a  hemorrhagic  and 
mucous  discharge  from  the  uterus,  which  recurs 
about  every  twenty-eight  days  in  the  non-pregnant 
woman  between  the  ages  of  thirteen  and  forty-five. 
It  is  accompanied  by  more  or  less  severe  systemic 
disturbances  of  a  neurotic  nature,  and  also  by  in- 
creased activity  of  the  glandular  system  as  a  whole. 
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Enlargement  of  the  thyroid  gland  usually  accom-  j 
panies  the  menstrual  flow. 

From  five  to  ten  days  before  the  menstrual  flow  J 
begins  there  is  a  marked  hypereniic  condition  of  the  ' 


Fig.  »34. — Uterus  during  menstrual  ion,  cul  open  lo  show  the  swellTng   ' 
of  ihc  wholt  organ,  and  panirruJarly  the  muunus  memliranei  A,  Muious    ' 
membrane  of  ctTvix;  B,  C,  mucous  membrane  of  corfius,  mucli  thickened; 
/',  musculiir  layer;  £,  uterine  opening  of  lulic;  f,  os  internum  (the  mu- 
cous membrane  lapers  down  to  these  openings)  (Courty). 

uterine    wall.     The  congestion  of  blood  causes  a 
marked  swelling  and  growth  of  the  uterine  mucosa, 
so  that  it  attains  a  thickness  of  6.0  mm.     This  mu-  _ 
cosa  is  then  called  the  decidua  menstrualis.     After 
these  changes  have  occurred  the  menstrual  flow  be- 
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gins  and  usually  lasts  for  four  days.  This  results 
in  a  complete  or  partial  exfoliation  of  the  superficial 
part  of  the  mucous  membrane  of  the  uterine  fundus 
and  body,  but  does  not  involve  the  cervix.'  The 
exfoliation  begins  at  the  internal  os  and  advances 
progressively  toward  the  fundus.  The  restoration 
of  the  mucosa  proceeds  in  the  same  order,  from  be- 
low upward,  and  in  the  course  of  five  or  six  days  the 
mucous  membrane  is  restored.  The  epithelial  lining 
regenerates  from  the  free  ends  of  the  mucous  glands 
that  did  not  partake  in  the  exfoliation. 

The  uterus  is  thus  a  seat  of  great  physiological 
activity.  During  at  least  one-half  the  menstrual 
period  of  twenty-eight  days  there  are  marked  struc- 
tural changes  manifest  in  the  uterine  mucosa.  In 
such  an  active  organ  pathological  disturbances  are 
naturally  of  frequent  occurrence. 

Menstruation  and  ovulation  arc  related  phenom- 
ena, and  yet  there  is  evidence  that  neither  one  de- 
pends on  the  other.  Pregnancies  may  occur  before 
the  menstrual  period  is  inaugurated.  Even  at  the 
early  age  of  nine  years  pregnancy  has  been  reported; 
also  in  mature  women  after  confinement,  but  before 
menstruation  has  reappeared,  pregnancy  may  occur. 
A  woman  who  does  not  menstruate  does  not  become 
pregnant,  as  a  rule,  but  there  are  exceptions.  Ovu- 
lation, therefore,  may  go  on  without  menstruation, 
and  there  is  evidence  that  menstruation  may  prevail 
without  ovulation.  For  a  further  discussion  of  this 
subject,  see  Raymond's  **  Human  Physiology.'* 
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KIEGNANCY. 

During  pregnancy  tlie  mucous  membrane  of  the 
uterus  becomes  modified  into  a  membrane  called  the 
ilcciihia  ijraz'iditatis.  This  membrane  may  be  divided 
into  (1)  the  decidua  serotina  or  hasalis,  that  part  of 
tlie  mucosa  to  which  the  ovum  is  attached  and  in 
which  the  placenta  develops;  (2)  the  decidua  re 
flexa,  that  which  envelops  the  ovum,  and  (3)  the 
decidua  vera,  the  part  that  lines  the  rest  of  the 
uterus. 

In  the  early  stages  of  pregnancy  the  changes  in  the 
uterine  mucosa  resemble  those  of  the  decidua  men- 
strualis.  At  the  end  of  the  first  half  of  pregnancy 
the  decidua  serotina  is  i  cm.  thick.  The  epithelial 
hning  has  disappeared  and  two  layers  can  be  recog- 
nized: (i)  a  superficial  co»t/>ac(  layer,  and  (2)  a  deep 
spongy  layer.  The  compact  layer  consists  of  con- 
nective-tissue elements  and  some  very  large  pig- 
mented cells  called  the  decidua  cells.  These  cells 
usually  have  one  large  nucleus,  but  some  of  them 
may  be  polynucleated.  The  cells  are  thirty  to  one 
hundred  /t  in  diameter,  and  oval  or  elongated,  re- 
sembling epithelial  cells,  although  they  are  supposed 
to  develop  from  the  interstitial  connective- tissue 
cells  of  the  normal  mucosa.  They  are  of  diagnostic 
value  in  uterine  curetmcnts  where  they  become  a 
probable  evidence  of  pregnancy.  In  post-mortems 
they  have  no  medico-legal  significance,  as  these  cells 
may  be  found  in  the  decidua  menstrualis.  In  the 
spongy  layer  the  connective-tissue  cells  form  septa 
between  the  flattened  and  sacculated  as  well  as  tor- 
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tuous  mucous  glands.     Blood-vessels  also  fori 
plexus  in  the  spongy  layer. 

The  decidua  reflexa  disappears  during  the  I 
months  of  pregnancy,   while  the   decidua  serotioj 
enters  into  the  formation  of  the  placenta. 

Placenta. — The  placenta  is  a  vascular  organ  I 
the  nourishment  of  the  fetus,  and  serves  the  purj 
of  bringing  the  fetal  and  matenial  blood  into  cIo! 
proximity  without  actually  blending.     The  org) 
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il  the  margin  of  the  placenta.  I 


may  \k  divided  into  an  embryonic  part,  the  placenta  ' 
ffrltilis,  and  a  maternal  part,  the  placenta  malerna. 
The  latter  is  the  modilied  uterine  mucosa  or  decidua 
serotina. 

The  fertilized  ovum  tisually  finds  lodgment  in  the 
fundus  of  the  uterus.  Very  early  it  becomes  en- 
closed in  an  envelope  of  its  own  production  called 
the  chorion.     Tliis  chorion  has  an  outer  epithelial 
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layer  and  an  inner  connective-tissue  layer,  the  latter 
being  vascular.  It  is  this  vascular  chorion  that  enters 
into  intimate  relations  with  the  uterine  mucosa 
to  form  the  placenta,  the  former  the  fetal  part  and 
the  latter  the  maternal  part.  These  parts  become 
intimately  associated. 

The  chorion  very  early  produces  a  large  number  of 
villi  which  invade  the  mucosa,  where  they  ultimately 
become  large  and  much  branched,  like  the  root  of  a. 
tree.  These  are  the  chorionic  villi  and  belong  to 
the  fetal  pla- 
centa. Each 
villus  consists 
of  a  connective- 
tissue  core  with 
an  epithelial 
lining.  The 
fetal  blood  cir- 
culates through 
the  connective- 
tissue  core 
while  the  maternal  blood  bathes  the  external  sur- 
faces of  the  villi.  The  terminal  ramifications  of 
each  villus  becomes  firmly  anchored  in  the  uterine 
mucosa,  while  the  branched  lateral  twigs  float  freely 
in  the  maternal  blood  spaces  or  intervillus  sinuses. 
These  villi  serve  a  double  purpose.  They  attach 
the  fetal  placenta  firmly  to  the  uterus,  and  establish 
a  close  relation  between  fetal  and  maternal  blood 
whereby  the  embryo  receives  proper  nourishment. 
Upon  closer  examination  each  villus  should  present 
in  cross  section  an  outer  layer  of  simple  squamous 
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Fig.  136. — Crass  scclion  uf  twu  human  choriorfc    | 
villi  at  end  ut  prognanry. 
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epithelial  cells  and  a  core  of  connective-tissue  cells 
in  which  two  or  more  small  capillary  blood-vessels 
ramify.  The  epithelium  of  the  villi  undergoes  great 
alterations  and  may  entirely  disappear,  to  be  re- 
placed by  isolated  accumulations  of  large  round 
nuclei  that  stain  intensely  with  nuclear  dyes,  and 
that  form  protuberances  on  the  surfaces  particularly 
of  the  large  villi.  These  are  called  zellknoien,  or 
cell  knots.  Their  origin  and  significance  is  doubtful. 
In  the  earlier  months  of  pregnancy  the  epithelial  in- 
vestment of  each  villus  is  clothed  externally  by  a 
continuous  protoplasmic  mass,  called  the  syncytium^ 
containing  small  and  irregularly  scattered  nuclei. 
It  is  generally  supposed  that  the  syncytium  repre- 
sents the  modified  and  disintegrated  uterine  epi- 
thelium and  is  therefore  of  maternal  origin.  Some 
embryologists  affirm  that  in  some  villi  there  is  a 
membrane  external  to  the  syncytium  which  mor- 
phologically represents  the  epithcHal  wall  of  the 
uterine  blood-vessels.  The  maternal  blood,  how- 
ever, very  soon  breaks  through  the  capillary  spaces 
of  the  uterine  mucosa  and  enters  the  intcrvillus 
sinuses  clothed  by  the  syncytium.  The  fetal  cir- 
culation is  a  closed  system  and  nowhere  is  there  a 
direct  iyiterminglinq  of  fetal  and  maternal  blood.  The- 
oretically the  exchange  of  gases,  in  the  early  stages 
of  development,  takes  place  through  (i)  the  epi- 
thelial wall  of  the  maternal  capillaries;  (2)  the  uter- 
ine epithelial  lining,  probably  represented  by  the 
syncytium;  (3)  the  epithelial  lining  of  the  chorion, 
and  (4)  the  epithelial  wall  of  the  fetal  blood  capilla- 
ries.    The  first  of  these  membranes  is  not  always 
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present,  as  maternal  blood  ruptures  this  wall.  The 
second  investment,  or  syncytium,  disintegrates. 
The  third  also  disappears,  at  least  in  parts,  or  be- 
comes so  thin  that  it  can  scarcely  be  detected.  Ulti- 
mately, therefore,  the  fetal  and  maternal  blood  is 
practically  separated  by  only  one  membrane,  the 
epithchum  of  the  fetal  capillaries. 

The  maternal  placenta  does  not  differ  structurally 
from  the  histolt^y  of  the  decidua  already  described 
except  in  degree  of  complexity.  There  is  an  inter- 
nal compact  portion  and  a  deeper  spongy  layer.  The 
latter  rests  ajjainst  the  uterine  muscularis  and  is  very 
vascular.  Numerous  blood- 
vessels penetrate  the  compact 
layer  to  open  freely  into  the 
intervillus  sinuses  already  de- 
scril)cd.  These  blood-vessels 
usually  take  a  very  tortuous 
course,  and  they  are  thus  able 
to  adjust  themselves  to  contractions  and  expansions 
of  the  uterine  wall.  Decidual  cells  are  especially 
conspicuous  in  the  compact  layer  of  the  placenta. 
Those  cells  are  sometimes  present  in  the  spongy 
layur  but  never  in  the  chorionic  villi  or  fetal  portions 
of  the  placenta. 

The  fetal  blood  reaches  the  placenta  through  the 
umbilical  cord.  There  is  regularly  present  two  ar- 
teries and  one  vein,  imbedded  in  a  gelatinous  con- 
nective-tissue matrix  known  as  Wharton's  jelly. 
The  blood  in  the  arteries  is  carried  to  the  placenta 
and  is  venous.  That  in  the  vein  returns  from  the 
placenta  and  is  arterial.     After  birth,  when  the  pla- 
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centa  comes  away,  it  is  alwa3rs  at  the  expense  ci  the 
uterine  mucosa,  which  leaves  a  raw,  bleeding  surface. 
The  uterine  muscles  at  once  contract,  reducing  the 
uterine  cavity  and  checking  the  hemorrhage.  A 
normal  mucous  membrane  at  once  regenerates,  the 
ciliated  epithelium  and  mucous  glands  developing 
from  remnants  of  glands  that  were  not  entirely  ob- 
literated by  the  placental  growth.  As  a  rule  regular 
menstruation  is  inaugurated  when  lactation  ceases, 
but  there  are  exceptions  to  this.  A  second  preg- 
nancy may  follow  without  any  interveningmenstnial 
period,  but  this  is  rare. 

THE  MAMMARY  GLAND. 

The  mammary  gland  is  a  skin  gland  that  is  present 
in  both  sexes.  In  the  second  month  of  embryonic 
life  there  is  a  linear  thickening  of  the  skin,  extending 
from  each  axilla  to  the  groin,  and  at  regular  inter- 
vals in  this  ridge  a  series  of  mammary  glands  develop 
in  many  vertebrates.  In  the  human  race  only  one 
pair  is  produced,  which  represents  the  fourth  or  fifth 
pair  of  this  series.  In  rare  cases  accessory  mam- 
mary glands  are  found  in  man  both  above  and  below 
the  normal  pair. 

In  childhood  the  mammary  gland  is  identical  in 
both  sexes,  but  with  approaching  puberty  it  enlarges 
in  the  female,  reaching  its  highest  development  at 
the  end  of  pregnancy.  The  menopause  brings 
about  a  retrogression  and  shrinkage  of  the  organ. 
The  gland  is  therefore  to  be  considered  an  accessory 
sexual  organ. 

The  mammary  gland  is  a  segregation  of  fifteen  to 
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twenty  separate  compound  tubulo-alveolar  glands 
which  open  separately  on  the  nipple  by  an  equal 
number  of  pores.  These  glands  are  arranged  radi- 
ally and  enclosed  by  a  variable  supply  of  fat  and 
connective  tissue  in  such  a  way  that  it  is  possible  to 
divide  the  breast  into  fifteen  to  twenty  lobes,  which 
nray  be  further  divided  into  lobules.  Each  pore 
leads  to  a  narrow 
vertical  tube,  the 
lactiferous  duct, 
which  widens  just 
below  the  base  of 
the  nipple  to  form 
areceptaclecalled 
the  milk  sinus,  be- 
yond which  it 
again  becomes  a 
narrow  tube . 
The  latter  be- 
comes branched  to 
form  interlobular 
ducts  that  open 
into  distal  dilata- 
tions or  alveoli,  which  constitute  the  secreting  por- 
tions of  the  gland. 

The  lactiferous  ducts  and  sinus  are  lined  with 
simple  columnar  epithelium,  which  becomes  strati- 
fied near  the  orifices  where  it  is  directly  continuous 
with  the  stratified  epithelium  of  the  skin.  The  finer 
structure  of  the  alveoli  varies  according  to  the  func- 
tional activity  of  the  organ.  During  lactation  the 
alveoli  are  distended  with  milk.     The  cells  of  the 
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simple  glandular  epithelium  become  distended  with 
the  products  of  secretion  that  consist  of  granules  and 
deposits  of  fat.  The  granules  liquefy  and  along  with 
the  fat  globules  are  discharged  into  the  alveoli  as 
milk.  Many  particles  of  fat  are  taken  up  by  migra- 
ting white  corpuscles,  called  phagocytes,  which  mix 
with  the  secretion  and  thus  become  converted  into 
the  colostrum  corpuscles  of  early  lactation.  The 
gland  cells  after  secretion  accumulate  a  second  sup- 
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the  sebaceous  glands  of  the  skin. 

When  the  gland  is  not  engaged  in  tlic  secretion  of 
milk,  many  of  (lie  alveoli  shrink  up  and  disappear, 
while  the  remaining  ones  become  iiuich  reduced  in 
size,  and  the  gland  as  a  whole  is  smaller.  The  cells 
of  the  alveoli  l)ecome  columnar,  reseinbling  the  cells 
that  line  the  ducts.     The  epithelium  rests  uiron  a 
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basement  membrane  and  a  membrana  propria,  the 
latter  containing  basket  cells  whose  processes  mingle 
with  the  glandular  epithelium. 

The  interstitial  tissue  just  external  to  the  alveoli 
is  composed  of  connective-tissue  cells  that  stain 
heavily  with  nuclear  dyes,  while  in  the  intervening 
spaces  between  the  alveoli,  connective -tissue  fibers 
and  fat  cells  are  abundant.  A  supply  of  plain  muscle 
fibers  intervene  and  surround  the  ducts  in  the  nip- 
ple. The  fibers  placed  longitudinally  function  in 
the  erection  of  the  nipple,  while  the  circular  ones 
constrict  the  ducts. 

The  nipple  does  not  epiIu 
develop  until  after 
birth.  Its  normal  po- 
sition is  in  the  fourth  in- 
tercostal space,  about 
four  inches  from  the 
sternum.  It  is  clothed 
with  stratified  pig- 
mented epitheHum  and 
devoid  of  hair  follicles 
and  sweat  glands.  The  skin  immediately  around 
the  nipple  is  also  pigmented,  forming  an  areola  with 
numerous  small  papillae,  giving  a  rough  or  wrinkled 
appearance.  Besides  large  sweat  glands,  twelve  or 
more  large  sebaceous  glands,  called  glands  of  Mont- 
gomery, are  present  in  this  area.  These  glands  open 
at  the  apices  of  the  small  papillce  just  mentioned, 
and  arc  usually  considered  as  accessory  milk  glands. 

Vessels  and  Nerves.— The  arteries  that  supply  the 
breasts  are  the  long  thoracic,  the  internal  mammary, 
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and  the  intercostals.  These  anastomose  freely  and 
approach  the  gland  from  all  directions.  The  veins 
are  equally  extensive.  They  accompany  the  arteries 
and  bear  the  same  names.  Lymphatics  are  very 
numerous  and  form  extensive  lymph  spaces  around 
the  alveoli  of  the  gland.  For  the  most  part  they 
drain  to  the  lymph  glands  in  the  axilla,  but  from  the 
deeper  part  of  the  breast  they  drain  along  the  course 
of  the  internal  mammary  artery. 


CHAPTER  X. 
THE  SKIN. 


The  skin  covers  the  entire  body  and  is  directly 
continuous  with  the  raucous  membranes  of  the  ali- 
mentary canal  and  urogenital  organs  at  their 
external  orifices.  It  contains  sensory  nerve  endings 
and  in  the  deeper  layers  there  is  a  liberal  supply  of 
both  blood-  and  lymph-vessels.  It  is  the  chief  factor 
in  regulating  body  temperature,  and  is  an  efficient 
mechanical  protection  to  the  deeper  tissues,  while  the 
sweat  and  sebaceous  glands  render  it  an  important 
excretory  organ.  Hairs  and  nails  represent  modi- 
fications of  the  superficial  layers.  It  varies  consid- 
erably in  thickness,  being  4  mm.  thick  on  the  palms 
of  the  hand  and  0,5  mm.  over  the  back  and  shoul- 
ders. The  color  is  imparted  by  pigmentation  and 
the  blood  supply.  The  color  is  cliaracteristic  of  races 
and  variable  in  the  different  parts  of  the  lx>dy  as  well 
as  subject  to  modification  depending  on  age  and  dis- 
ease. The  skin  moves  freely  upon  the  deeper  tissues, 
excepting  over  bony  prominences  where  it  is  more 
firmly  attached.  On  the  palm  of  the  hand  and  the 
sole  of  the  foot  it  is  also  bound  down  to  the  subjacent 
tissues.  The  external  surface  presents  in  places 
numerous  permanent  ridges  which  correspond  with 
rows  of  underlying  papillx,  and  which  in  criminals 
are  utilized  for  the  purposes  of  identification.     The 
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hair  follicles  appear  with  regularity  in  external 
pressions  practically  ajl  over  the  body,  forming  dis- 
tinctive    patterns.     Cutaneous     blood-vessels     and 


^f 


tendons  form  ridges  and  lines  readily  detected  1 
the  unaided  eye,  and  over  wliich  the  skin  is  fra 
movable. 
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Structurally  the  skin  or  integument  consists  of 
two  chief  strata  that  may  be  subdivided  into  layers 
in  the  following  manner: 

I.  Epidermis  epithelial  layers  derived  from  the 
ectoderm. 

1.  Comeum    or    homy    layer, — ^superficial 

epithelial  plates. 

2.  Stratum    lucidum, — absent     where  the 

skin  is  thin. 

3.  Stratum  granulosum, — absent  where  the 

skin  is  thin. 

4.  Malpighian   or  germinal  layer, — nucle- 

ated growing  cells. 


connective -tissue  elements 


II.  Dermis  or  coriuni,- 
from  the  mesoderm. 

1.  Papillary  layer.  1 

2.  Reticular  layer. 

Epidermis. — The  horny  layer  of  the  epidermis 
forms  the  outer  covering  of  the  skin  and  consists  of 
several  layers  of  scaly  epithelial  cells  in  which  the 
nuclei  liave  disappeared.  The  cells  arc  dead  and 
constantly  exfoliating  superficially,  while  new  strata 
are  regularly  added  from  below.  Bacteria  are 
usually  present  in  its  external  parts,  and  in  surgi- 
cal operations,  therefore,  the  skin  is  thoroughly 
scrubbed,  a  process  that  removes  most  of  this  layer 
and  renders  the  field  of  operation  practically  sterile. 
At  birth  the  homy  layer  is  less  compact  and  of  a  red 
color.  It  is  then  called  the  vemix  caseosa,  which 
exfoliates  in  a  few  days,  when    the    complexion 
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changes  to  that  of  the  particular  race  to  which  th^ 
child  belongs. 

The  stratti  lucidum  and  granulosum  are  two  thitd 
layers  that  lie  between  the  corneum  and  the  Mal-J 
pighian  layers  and  arc  best  developed  in  the  sole  of  ■ 
the  foot  and  the  palm  of  the  hand.     Kach  coosists-J 
of  two  or  three  rows  of  epithelial  ccIIh.     The  stratuo 
lucidum  overlies  the  stratum  granulosum   and  is  i 
refractive  layer  consisting  of  cells  with  disintegrating 


Fig.  14;. ■ 
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nuclei,  and  possessing  a  homogeneous  substance 
called  eleidin.  The  latter  is  colored  with  eosin  but 
does  not  take  nuclear  dyes.  The  cells  that  compose 
the  stratum  granulosum  possess  many  granules 
called  keratohyalin  granules,  which  are  regarded  as 
products  of  cell  disintegration.  These  granules  in- 
crease in  size  and  coalesce  to  form  the  semifluid  sub- 
stance called  eleidin  of  the  stratum  lucidum.  The 
granules  take  nuclear  dyes;    the  eleidin  does  not. 
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The  Malpighian  layer  is  made  up  of  growing  epi- 
thelial cells  and  constitutes  the  deeper  parts  of  the 
epidermis.  Its  lower  surface  is  beset  with  numerous 
depressions  that  receive  connective-tissue  papills 
from  the  dermis.  The  epidermis  and  dermis  thus 
interlock  by  means  of  an  extensive  system  of  papillae 
from  each  layer.  The  Malpighian  layer  is  thicker  than 
the  homy  layer,  excepting  in  the  sole  of  the  foot  and 
the  palm  of  the  hand.  It  consists  of  ten  to  fifteen 
layers  of  epithelial  cells.  The  cells  in  the  lower  row 
are  columnar  and  are  so  arranged  that  their  long  axis 
is  vertical  to  that  surface.  In  colored  races  these 
cells  are  pigmented  and  impart  to  the  skin  the  par- 
ticular color  of  the  race.  Pigmentation  has  been 
discussed  on  page  73,  to  whicli  the  reader  is  re- 
ferred. The  other  cells  of  the  Malpighian  layer  are 
cubical  or  flattened  and  so  placed  that  their  long 
axis  lies  parallel  to  the  surface  of  the  body.  The 
cells  of  the  deeper  strata  have  numerous  minute 
short  processes  and  have  been  called  prickle  cells. 
These  processes  form  intercellular  bridges,  which 
give  rise  to  a  complex  system  of  minute  intercellular 
channels  that  permit  more  freely  the  passage  of 
nourishment.  These  cells  are  constantly  dividing 
and  adding  new  strata  to  the  horny  layer  that  is  ex- 
foliating at  the  same  rate. 

The  dennis,  corium,  or  cutis  vera,  is  of  connective- 
tissue  origin  and  lies  just  beneath  and  intimately 
associated  with  the  epidermis.  It  may  be  divided 
into  a  papillary  portion,  next  to  the  epidermis,  and 
a  deeper  reticular  portion  which  shades  off  into  the 
subdermal  fascia.     The  papillary  portion  consists  of 
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vascular  and  nerve  papills  that  fit  into  depressions 
on  the  lower  surface  of  the  epidermis.  The  two 
layers  of  the  dermis  pass  into  each  other  without  any 
sharp  line  of  demarcation.  In  both  layers  there  is 
an  abundance  of  conntctivc -tissue  fibers,  both  elastic 
and  non-elastic,  forming  what  has  been  termed  areo- 
lar tissue.  These  fibers  form  bundles  that  interlace 
to  produce  a  network,  particularly  in  the  reticular 
or  deep  portions.  In  the  meshes  of  this  reticulum 
are  to  be  found  the  bodies  of  the  sweat  glands,  and  a 
variable  amount  of  adipose  tissue,  while  h^  ft^cdes 
with  their  sebaceous  glands  find  lodgment  in  the 
dermis  with  greater  regularity.  It  is  the  dermic, 
and  particularly  the  areolar  tissue,  that  gives  elas- 
ticity and  mobility  to  the  skin.  The  epidermis  is 
not  very  elastic,  consequently  wrinkles  of  the  epi- 
dermis are  formed  when  the  fat  is  absorbed,  and 
also  in  old  age,  by  shrinkage  of  the  areolar  tissue. 

A  variable  amount  of  muscle  is  everywhere  present 
in  the  dermis.  Smooth  muscle  is  associated  with 
the  hair  follicles,  forming  the  arrertor  pili  muscle. 
In  the  face  and  neck  voluntary  muscle  fibers  may  be 
traced  into  the  papillary  layer,  while  a  third  set  of 
muscle  elements  is  associated  with  the  sweat  glands. 
The  latter  is  of  the  smooth  variety  and  will  be  de- 
scribed along  with  the  sweat  glands. 

The  dermis  everywhere  is  very  vascular.  Blood- 
and  lymph-vessels  ramify  freely  through  it,  but  in 
no  case  do  they  enter  the  epidermis.  Nerve  fibers, 
on  the  other  hand,  enter  the  Malpighian  layer  of  the 
epidermis  and  arborize  around  and  between  the 
epithelial  cells.     In  the  dermis  these  fibers  form  an 
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extensive  nerve  plexus,  from  which  some  terminal 
fibers  proceed  to  the  hair  follicles,  and  others  to 
special  nerve  papillie  in  the  dermis.  These  and 
other  nerve  terminations  will  be  described  as 
peripheral  nerve  endings  in  another  chapter. 


HAIRS. 

The  hairs  are  distributed  practically  over  the 
whole  surface  of  the  body,  with  the  exception  of  the 
palms  of  the  hand,  the  soles  of  the  feet,  and  the  red 
border  of  the  lips.  They  are  distributed  with  con- 
siderable regularity,  as  a 
rule  one  hair  for  each  fol-  xi'^«iii. 

Ude,  but  there  may  be  two 
and  sometimes  three.  The 
part  of  the  hair  buried  in 
the  skin  is  called  the  root, 
and  the  part  that  projects 
beyond  the  sm^face  is  the 
shaft.  The  lower  part  of  the 
root  is  thickened  to  form 
the  kair  hulh,  into  which  is 
pushed  from  below  a  vascu- 
lar connective-tissue  projection  called  the  hair  papil- 
la. The  root  is  inserted  deep  in  the  skin,  usually 
reaching  the  subdermal  elements.  It  is  placed 
diagonally  to  the  surface  and  becomes  enclosed  in  a 
specially  modified  wall  made  up  of  several  layers  de- 
rived partly  from  the  epidermis  and  partly  from  the 
dermis. 

Most  hairs  are  compcsed  of  three  layers:  an  outer 
cuticle,  a  middle  cortical,  and  a  central  portion,  the 


344     NORMAL  HISTOLOGV  AND  ORGANOGRAPHV. 

medulla.     In  thin  and  light  hairs  the  medulla  is  usu- 
ally absent. 

The  hair  cuticle,  or  outer  hair  membrane,  is  made  up 
of  structureless  transparent  epithelial  scales  that 
overlap  each  oilier  in  tlie  direction  of  the  distal  end 
of  the  hair.  A  hair  feels  smooth,  therefore,  if  pulled 
tnrough  tht  fingers  from  the  root  to  the  free  end. 
These  scales  overlap  each  other  sometimes  to  such 
an  extent  that  the  cuticle  has  the  appearance  of 
being  stratified.  The  scales  are  derived  from  epi- 
thelial cells  that  have  become  cornified,  and  they 
are  thus  closely  related  to  the  horny  epithelial  plates 
of  the  epidermis. 

The  cortical  substance  forms  the  main  bulk  of  the 
hair  and  lies  just  beneath  the  cuticle.  The  cortex 
consists  of  spindle-shaped  nucleated  cells  which 
show  a  distinct  fibrillar  structure,  givinf;  the  whole 
hair  the  appcaRiiicc  nf  bc-ing  Inngitiidiiially  striated. 
Pigment  granules  are  deposited  in  these  cells  and 
between  them,  to  which  the  hair  owes  most  of  its 
color.  Numerous  small  spaces  filled  with  air  are 
frequently  formed  between  the  cells  of  the  cortical 
layer,  and  these  give  a  white  color  to  hairs  that  have 
a  scanty  supply  of  pigment.  Hairs  that  have  en- 
tirely lost  their  pigment  and  have  none  of  these  air 
spaces,  are  gray  but  not  white. 

The  medullary  substance  forms  the  axis  of  the 
hair  and  may  be  absent,  but  is  usually  present  in 
thick  hairs.  It  is  made  up  of  nucleated  cubical 
epithelial  cells  forming  two  or  three  rows  in  thick- 
ness. Pigment  is  also  present  in  the  medullary 
cells. 
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Hair  Follicles.  — The  hair  follicles  are  the  pits  in  the 
skin  occupied  by  the  roots  of  the  hairs.  These  pits 
are  placed  diagonally  to  the  surface,  and  in  the  scalp 
where  the  skin  is  thick  they  are  at  least  half  an  inch 
in  length.  It  is  estimated  that  the  normal  scalp 
has  about  one  hundred  and  twenty  thousand  of  these 
follicles,  or  an  average  of  eight  hundred  to  the  square 
inch.     Each  follicle  is  really  a  minute  tubular  de- 


pression or  invagination  of  the  skin,  and  its  wall  is 
therefore  made  up  of  constituents  from  Ixith  the  epi- 
dermis and  the  dermis.     These  layers  may  be  tabu- 
lated as  follows : 
I.  Outer  tunic. 

1.  Connective-tissue  fibers  arranged  longi- 
tudinally. 

2.  Connective-tissue  fibers,  circular. 
3-  Glassy  membrane. 
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II.  Outer   root   sheath;     resembles    Malpighian 
layer  of  the  epidermis. 
III.  Inner  root  sheath. 

1.  Henle's     layer, — non-nucleated     ele- 

ments. 

2.  Huxley's  layer, — nucleated  cells. 

3.  Root  sheath, — structureless  membrane. 

The  outer  tunic  is  derived  from  the  dermis  and  is 
of  connective-tissue  origin.  Kxternally  there  is  a 
layer  of  connective-tissue  fibers  arranged  longitudi- 
nally, in  which  may  be  found  a  few  connective- 
tissue  cells  and  a  delicate  plexus  of  nerve  fibers. 
The  non-elastic  connective-tissue  fibers  predominate, 
but  the  elastic  variety  is  also  present.  Internal  to 
the  longitudinal  fibers  is  a  compact  circular  layer  of 
non-elastic  connective-tissue  fibers,  and  internal  to 
this  is  the  glassy  membrane,  a  very  thin  hyaline 
sheath  often  difficult  to  find.  The  outer  tunic  in- 
vests the  lower  half  of  the  root  sheath.  This  tunic, 
in  the  so-called  tactile  hairs  of  many  mammals,  has  a 
rich  nerve  innervation  and  a  liberal  blood  supply. 
In  such  hairs  nerve  fibers  have  been  traced  to  the 
glassy  membrane,  while  others  apparently  penetrate 
to  tactile  cells  in  the  outer  root  sheath. 

The  root  sheaths  encase  the  root  of  the  hairs  and 
are  derived  from  the  epidennis,  being  therefore  of 
ectodermal  origin.  The  outer  root  sheath  is  a  direct 
continuation  of  the  Malpighian  layer  and  diminishes 
in  thickness  toward  the  l)ottom  of  the  follicle.  It  is 
comix)sed  of  nucleated  epithelial  cells  which  i>ossess 
intercellular  bridges  and  a  fibrillar  protoplasm. 
This  sheath  always  stains  heavily  with  nuclear  dyes. 
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The  inner  root  sheath  is  less  conspicuous,  and  in  good 
sections  will  be  found  to  consist  of  an  outer  layer  of 
two  rows  of  non-nucleated  elements,  representing 
cornified  epithelial  cells  and  called  Henle's  layer,  and 


Hair  slajf. 
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internal  to  this  about  two  rows  of  nucleated  cells, 
called  Huxley's  layer.  These  layers  are  absent  from 
the  upper  half  of  the  follicle.  Internal  to  Huxley's 
layer,  and  in  direct  contact  with  the  root  of  the  hair, 
is  the  rool  shmth,  which  has  much  the  same  structure 
as  the  hair  cuticle.     Many  scaly  plates  are  imbricated 
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Upon  each  other  and  interlock  with  those  of  the  haif 
cuticle  in  such  a  manner  that  if  a  hair  is  pulled  out 
the  root  sheath  comes  away  with  it,  the  break  taking 
place  along  Huxley's  and  Henle's  layers. 

The  hiiir  papilla  indents  the  lower  end  of  the  root 
and  is  of  connective-tissue  origin.  It  has  a  rich 
blood  supply  which  contributes  nourishment  to  the 
adjacent  epithelial  cells  of  the  root  which  are  con- 
stantly dividing.  It  is  this  cell  division  that  brings 
about  the  growth  of  a  hair.  If  the  papilla  is  de- 
stroyed the  hair  dies.  When  a  hair  is  pulled  out 
with  its  root  the  papilla  and  some  adjacent  epithelial 
ctlls  usually  remain  uninjured.  Tlie  epithelial  cells 
in  due  time  reproduce  a  new  hair. 

The  arrector  pill  muscle  consists  of  bundles  of 
smooth  muscle  fibers  that  pass  obliquely  downward 
from  the  upper  surface  of  the  dermis  to  be  inserted 
in  the  connective-tissue  tunic  of  the  hair  follicle  near  ■ 
its  lower  extremity.  The  insertion  of  these  fibers  is- 
always  on  the  side  toward  which  the  hair  inclines,  so 
that  when  the  fibers  contract  the  root  is  drawn  to  a 
vertical  position  and  the  hair  becomes  erect. 

The  hair  on  the  scalp  grows  approximately  at  the 
rate  of  twelve  inches  a  year,  or  one  inch  a  month. 
The  average  duration  of  a  hair  is  about  four  years. 
Many  vertebrates,  as  horses  and  cattle,  shed  their 
hair  annually,  every  spring,  a  phenomenon  called 
moiiliini).  In  mankind  the  hair  of  the  scalp  is  con- 
stantly dropping  out  and  Ix-in^  replaced  by  growths 
of  new  sliaft.s.  Occasionally  hair  grows  where  it 
normally  does  not  belong  and  for  cosmetic  effect 
requires    removal.     This    is    done    by    electrolysis. 
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which  consists  in  passing  an  electric  needle  down 
along  the  root  of  each  hair  to  the  hair  papilla,  which 
is  then  destroyed  by  a  weak  current  of  electricity. 
The  hair  is  then  readily  removed  and  does  not  re- 
turn. The  loss  of  hair  on  the  scalp  is  due  to  a  va- 
riety of  causes,  many  of  which  we  cannot  explain. 
It  often  accompanies  a  prolonged  illness,  such  as 
typhoid  fever,  and  is  then  doubtless  due  to  a  general 
emaciation  resulting  in  lack  of  proper  nourishment 
of  the  scalp.  ,  The  loss  of  hair  in  such  cases  is  only 
temporary.  Certain  neurotic  diseases  result  in  a 
permanent  loss  and  the  same  may  be  attributed  to 
some  germ  diseases  of  the  scalp  that  infest  and  de- 
stroy the  hair  papilla;.  In  other  cases  baldness 
seems  to  be  hereditary.  It  naturally  follows  that  a 
healthy  condition  of  the  scalp  will  contribute  to  a 
rich  growth  of  hair.  Regular  massage  with  a  stiff 
brush  no  doubt  accelerates  the  blood  flow  and  thus 
brings  about  a  better  nourishment  and  growtli  to  the 
hair. 

The  natural  preservation  of  hair  after  death  is 
well  known.  In  Egyptian  mummies  the  hair  is  well 
preserved  even  to  its  natural  color.  The  hair  is  thus 
an  important  factor  in  the  identification  of  unknown 
deceased  persons. 


THE  NAILS. 
The  nails  are  epidermal  structures  that  are  mor- 
phologically analogous  to  the  hoofs  and  claws  of 
lower  animals.  Each  nail  may  be  divided  into  a 
body,  the  part  that  is  exposed,  and  the  root  that  is 
hidden  from  view  and  lies  in  a  fold  of  the  skin.     The 
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lateral  margins  are  also  covered  by  a  fold  of  the  aldn 
called  the  nail  wall.  The  nails  have  a  pink  C(dor 
imparted  by  the  subjacent  blood,  excepUng  near  tbe 
root,  where  there  is  an  opaque  area  called  the  ImniUa, 
The  lunulx  diminish  in  size  from  the  thumb  to  the 
little  finger. 
Each  nail  rests  upon  a  very  vascular  dermis  which 
has  been  called  the  naU  Ud 
or  matrix.  This  connective- 
tissue  bed  has  many  fine 
longitudinal  ridges  and 
alternating  grooves  whi^ 
fit  closely  into  correspond- 
ing grooves  and  ridges  on 
the  lower  surface  of  the 
nail.  Each  nail  consists  of  two  parts:  a  deep  soft 
stratum  that  represents  the  Malpighian  layer  of  the 
epidermis,  and  an  external  hard  comified  layer  that 


Fig.  246.— Thumb  nail. 


Fig.  347. — Longitudinal  sc<:tion  of  n.ijl. 

represents  the  homy  layer.  The  former  consists  of 
nucleated  polygonal  prickle  cells  which  fill  the  far- 
rows and  cover  the  nail  bed  several  cells  deep.  It  is 
afiirmed  that  the  cells  of  this  Malpighian  layer,  in 
the  distal  part  of  the  nail,  do  not  produce  any  of  the 
overlying  homy  material,  but  that  growth  of  the  nail 
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is  exclusively  due  to  epithelial  proliferation  from  the 
Malpighian  layer  at  the  root  of  the  nail  and  from 
that  part  directly  under  each  lunula  already  de- 
scribed. A  stratum  granulosum  is  present  in  the 
upper  portion  of  the  matrix  and  absent  in  the 
other  portions  of  the  nail. 

The  external  cor- 
nified  layer  consists  a'«./u.uH. 

of  fl  at  epithelial 
scales  in  which  rem- 
nants of  a  nucleus 
may  frequently  be 
found.  These  scales 
are  derived  from  tis  4s— "-r  ■^  ^eLiion  of  nail. 
epithelial  cdls    and 

overlie  each  other,  formmg  hardened  lamellse  called 
nail  Ii-avcs. 

The  hoof  of  the  horse  corresponds  to  the  finger- 
nail of  man,  and  is  divided  for  descriptive  purposes 
into  the  wall,  the  sole  and  the/fwg.  The  part  which 
is  visible  when  the  foot  rests  on  the  ground  is  the 
wall,  while  the  sole  and  frog  are  invisible  in  this 
position.  As  the  human  nail  rests  on  a  grooved 
matrix,  so  the  inner  surface  of  hoof  wall  is  extensively 
folded  into  leaf-like  structures  which  interlock  or 
digitate  with  like  growths  from  the  enclosed  con- 
nective tissue,  those  from  the  wall  being  called  horny 
or  insensitive  lamince,  and  those  from  the  connective 
tissue  or  dermis  the  sensitive  or  vascular  laminw. 

Horny  Lamina. — ^ These  are  known  collectively  as 
the  keraphyllous  tissue,  and  clothing  the  inner  sur- 
face of  the  wall  dovetail  with  the  sensitive  lanume 


like  interlocking  leaves  of  two  books.  Each  lamin! 
extends  approximately  from  the  upper  and  inner 
margin  of  the  hoof  to  its  plantar  border.  There 
are  from  five  to  six  hundred  of  these  lamina:  in  each 
foot  and  they  all  increase  in  width  from  above  to 
below.  In  a  horizontal  section  of  the  hoof  these 
laminx  appear  Uke  so  many  papillae  (Fig.  248a). 
From  such  a  sec- 
*.  tion  it  will  be  seen 

that  along  the 
sides  of  each  1am- 
^     *  ina  there  are  about 

sixty  secondary 
folds,  called  lamel- 
la, by  which  the 
surface  between 
sensitive  and  in- 
sensitive laminx 
is  enormously  in- 
creased. These 
secondary  leaves 
estabhsh  a  fine  se- 
ries of  longitudinal 
grooves  along  the 
lateral  sides  of 
each  lamina,  as 
seen  in  Fig.  2486. 
The  surface  lining 
of  each  horny  fold 
consists  of  a  single  layer  of  cubical  or  low  colum- 
nar epithelial  cells  analogous  and  continuous  with 
the  germinal  layer  of  the  skin.    The  cells  are  rich 


fig.  »48a.- 


1  of  hoof  of 
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in  chromatin  and  are  doubtless  capable  of  active 
multiplication.  A  few  scaly  epithelial  cells  are 
always  found  in  the  body  of  each  lamella,  but  in 
the  substance  of  each  lamina  the  tissue  appears 
to  be  compact  and  of  a  fibrous  variety.  It  is  this 
compact  tissue  that  is  called  collectively  the  ittsen- 
sitive  lamina!.  This  fibrous  tissue  can  be  traced 
outward  to  the  bases  of  the  laminae,  where  it  mingles 
with  and  is  ultimately  lost  in  the  epithelial  horn 
wall  of  the  hoof.  While  nuclei  are  absent,  the 
tissue  should  be  regarded  as  made  up  of  scaly  epi- 


Fig.  248*. — Diagram  of  horizontal 


Ihcaugh  wb!I  uf  hoof. 


thelial  plates  so  arranged  as  to  give  it  a  fibrous  ap- 
pearance very  similar  to  the  stratum  lucidum  of  the 
human  skin. 

Vascular  Lamina:. — These  structures,  collectively 
known  as  the  podopkyllous  tissue,  are  leaf- like 
growths  of  the  dermis,  which  interlock  very  snugly 
with  the  horny  laminae  and  lamellx  just  described. 
They  form  an  expansive  fibrous  and  vascular  tissue 
uniting  the  distal  phalanx  with  the  horny  epidermal 
laminx  of  the  hoof.  They  arc  also  called  the  sensi- 
tive lamince,  and,  while  the  nerve  endings  in  them  have 


bli^" 
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not  been  worked  out  very  carefully,  it  is  reasonabfe 
to  suppose  that  we  iiavc  much  the  same  structure  as 
in  the  human  nail-bed,  such  as  free  nerve  endings, 
end-bulbs,  and  perhaps  Rufini  corpuscles. 

Hoof  Horn. — Lite  bone,  this  is  tubular,  re- 
sembling Haversian  systems,  but,  unUke  bone,  it 
consists  of  compact  layers  oj  epithelial  cells.  As  the 
human  nail  develops  from  the  germinal  epithelium 
at  the  root  of  the  nail,  so  the  wall  of  the  hoof  de- 
velops from  similar  epithehura  that  covers  the 
coronary  cushion  situated  at  the  upper  margin  of 
the  hoof  wall.  This  cushion  has  an  abundance  of 
epithehal  papills,  and  from  the  surface  of  these 
papillae  cells  proliferate  to  form  the  wall  of  the  hoof 
tubes,  white  from  the  epithehum  at  the  bases  of 
these  papillse  cells  proliferate  to  form  the  hoof  matrix. 
Thus,  the  hoof  horn  is  exclusively  an  epithelial  tissue. 
Composed  of  flattened,  scaly  cells,  with  often  an 
easily  detected  nucleus,  cemented  together  com- 
pactly, their  protoplasm  being  replaced  by  keratin 
granules,  a  protein-like  substance  very  insoluble  and 
containing  4.23  per  cent,  sulphur.  The  horn  tubes 
extend  downward  from  the  papillae  of  the  coronary 
cushion  and  are  parallel  to  each  other.  These  tubes 
are  smaller  near  the  surface  of  the  hoof  and  become 
larger  in  the  deeper  portion.  The  scaly  cells  of  the 
tube  wall  are  placed  with  their  flat  surfaces  facing 
the  tubes,  that  is,  their  long  axes  are  perpendicular, 
while  the  long  axis  of  the  matrix  cells  are  horizontal.  ^ 
This  conforms  to  their  origin,  the  former  prolifei- 
ating  from  the  sides  of  the  vertical  coronary  papillae, 
while  the  latter  come  from  the  horizontal  coronary 
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surface  between  the  bases  of  these  papillae.  Frag- 
ments of  epithelial  ceils  may  usually  be  found  in  the 
lumen  of  these  tubes. 

The  laminae  just  described  provide  an  enormous 
surface  of  contact  between  the  inner  face  of  the  wall 
and  the  external  surface  of  the  pedal  bone.  It  is 
estimated  that  this  surface  is  equal  in  area  to  eight 
or  ten  square  feet  in  each  hoof,  and  its  chief  function 
is  doubtless  to  furnish  support  to  the  body  weight 
of  the  horse.  The  sensitive  lamina?  thus  act  as  an 
extensive  and  delicate  cusliion,  tempering  the  jar 
sustained  in  walking  or  running.  An  intlammatton 
of  the  sensitive  laminse  is  known  as  laminitis,  a 
malady  not  uncommon  in  the  horse. 

The  normal  growth  of  the  hoof  is  estimated  at  nearly 
one-half  inch  a  month.  Just  how  the  horny  laminae 
move  imperceptibly  downward  past  the  softer  lami- 
nated structure  is  a  subject  of  much  speculation  among 
veterinarians,  but  one  on  which  opinions  differ.  It 
seems  to  me  any  sliding  process  is  difTicuU  to  explain 
and  that  the  solution  sought  is  one  of  cell  growth. 
During  embryonic  development  it  is  easy  to  conceive 
of  a  rapid  multiplication  of  the  germinal  epitheUum, 
that  is,  the  cells  that  form  the  membrane  clothing  the 
insensitive  lamince.  Such  a  growth  produces  lateral 
pressure  and  accounts  for  the  extensive  folding  of  these 
laminated  structures.  In  the  adult  foot  the  cells  of 
the  germinal  layer  show  nuclei  rich  in  chromatin, 
and  being  epithelial  cells  their  multiplication  con- 
tinues through  life.  The  homy  laminie,  lynig  exter- 
nal to  this  layer,  doubtless  owe  their  origin,  as  well 
as  their  constant  and  regular  growth,  to  the  cells  of 
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the  (germinal  epithelium.  In  fact,  embryologically 
this  layer  is  to  be  considered  as  a  part  of  the  homy 
laminie  rather  than  interposed  between  the  homy 
and  the  soft  laminae,  as  is  done  by  most  authors. 
The  hoof  wall,  on  the  other  hand,  grows  exclusively 
from  the  epithelial  stuiace  of  the  coronary  cushion, 
and  its  downward  progress  is  synchronous  and  uni- 
form with  the  growth  of  the  horay  laminae,  as  de- 
sorilH'd  above.  The  provisional  horn  that  appears 
after  removing  a  part  of  the  hoof  wall,  surgically  or 
otherwise,  is  explained  as  a  cell  proliferation  of  the 
germinal  eintholium.  If  the  human  nail  is  removed 
tliis  germinal  epithelium  is  torn,  but  enough  remains 
to  i)ri)liferatc  epithelial  cells  in  a  few  days  which  cor- 
\\\i\  to  form  a  thin  provisional  nail  analogous  to  the 
piovisioiiul  luH)f  in  a  like  injur}'  to  the  horse's  foot. 

THE  GLANDS  OF  THE  SKIN. 
Sweat  glands  are  coiled  simple  tubular  glands  dis- 
tributed over  the  whole  surface  of  the  skin,  with  the 
exception  of  the  inner  surface  of  the  prepuce,  the 
^h\\\s  penis,  and  the  red  Ixirders  of  the  lips.  In  the 
axilla  and  around  the  anal  openinj;  they  are  excep- 
tionally lar^e  and  often  branched.  They  are  most 
numerous  on  the  palm  of  the  hand  and  the  sole  of 
the  foot,  where  they  number  two  thousand  seven 
hundred  to  the  sciuare  inch.  On  the  forehead  there 
are  one  thousand  two  hundred,  and  on  the  cheek 
about  five  hundred  to  the  square  inch,  while  over  the 
back  they  are  the  least  numerous.  Their  total  num- 
ber over  the  whole  body  has  been  estimated  at  nearly 
two  million  four  hundred  thousand,  which,  with  an 
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average  length  of  Ihree-fourtlis  of  an  inch,  makes 
the  united  length  approximately  twenty-eight  miles. 
This  vast  secreting  surface  is  constantly  secreting 
moisture,  either  as  insensible  or  sensible  perspiration. 
The  amount  of  this  perspiration  within  a  given  time 


.     tnj      t      II  I  i,lu   Ji      J  1  J    d  fur  a    una  dciable  part 

of  the  r  length     a   Sweat  glan  1      b   longiliididjl  ndge     c   depression, 
cross  ndge  ( Bohm  and  Davidoff) 


varies  considerably,  but  in  the  average  person  in 
good  health  it  is  estimated  at  about  two  pints  every  , 
twenty-four  hours. 

The  excretory  ducts  open  on  the  surface  of  the  1 
skui  by  numerous  sweat  pores  along  the  crests  of  the 
epidermal  ridges.  These  pores  may  be  seen  with  a 
low  magnification  or  ordinary  hand  lens.  The  duct 
is  spirahy  twisted  in  the  stratum  corneum  and  enters 
the  dermis  between  two  dermal  papilla?;  that  is,  at 
the  apex  of  an  epidermal  papilla.  In  the  dermis  it 
takes  a  sinuous  or  nearly  straight  course  and  ^cwt- 
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trates  to  the  lower  stratum  of  the  sidn,  or  even  deeper 
to  the  subcutaneous  connective  tissue.     This  distal 
end  is  very  much  coiled  and  constitutes  the  secretioff 
portion  of  the  gland.     In  the  epidermis  the  duct  has 
no  other  wall  than  the  epithelial  cells  of  the  various 
layers  through  which  it  passes,  but  in  the  dermis  the 
wall  is  composed  of  a  single  layer  of  short  cubical  cells 
outside  of  which  there  is  a  delicate  basement  mem- 
brane.     The   secTeting 
portion  is  also  lined  by 
simple   epithelium,    but 
the  cells  are  lai^er  and 
have   a   finely   granular 
protoplasm.  Between  the 
gland  cells  and  the  base- 
ment    membrane    there 
is  found   in    the    larger 
glands,  a  single  layer  of 
noil -stria  ted  muscle  cells  arranged  longitudinally. 
This  muscle  is  derived  from  the  ectoderm,  while  the 
other  musculature  of  the  body  comes  from  the  meso- 
derm.    Tlie  muscle  of  the  sweat  glands  probably 
aids  these  glands  in  expelling  their  products  of  secre- 
tion.    Non-medullatcd  nerve  fibers  of  the  sympa- 
thetic system  form  a  delicate  network  just  external 
to  the  basement  membrane  called   the  epihmeUar 
pliwtts.      From     this    plexus    delicate    fibers    pass 
llirougli  the  basement  membrane  to  ramify  between 
the  gland  cells,  where  they  end  in  clusters  of  small 
terminal  graimles.     The  physiological  activities  of 
the  sweat  glands  are  thus  directly  under  the  control 
of  the  nervous  system  and  do  not  depend  on  the 
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blood  supply,  a  fact  that  may  also  be  demonstrated 
by  physiological  experiments. 

Sebaceous  glands  are  a!>sociated  with  Iiair  follicles, 
into  which  they  pour  their  contents.  They  are  also 
found  on  the  red  borders  of  lips,  the  labia  minora, 
the  glans  and  prepuce,  where  hairs  arc  absent. 
They  are  simple  branched  alveolar  glands  that  se- 
crete an  oily  substance  called  sebum.     This  is  a 


(lai  ^  ])< 


tl  witli  a  |Kirli<iii  i>(   Ihp  hair 
i-|ilalc  mMhotI  (Hubrr). 


fluid  at  the  temperature  of  tlic  body,  keeps  the  skin 
soft  and  flexible,  and  also  supplies  a  natural  dressing 
for  the  hair.  In  the  scalp  there  may  be  an  exces- 
sive secretion  of  sebum  which  dries  and  exfoliates 
■  with  the  liomy  epidermis  as  dandruff. 

Each  hair  follicle  has  two  or  vwoxe  ^^■aut^^vfi.  j 
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glands  that  vary  in  size  frcmi  0.2  to  0.5  mm.    The 
excretory  duct  is  short  and  wide  and  opens  into  the 
upper  third  of  the  follicle.    ITiis  duct  is  lined  by 
stratified  epithelium  that  is  directly  contiiiuous  with 
the   outer    root 
sheath  of  the  hair 
follicle.     The  cells  of 
the  alveoli  are  very 
large  and  contain  fat 
globules  that    vary 
in  size  and  ^ve  a 
reticular  appearance 
to    the    cytoplasm. 
The  nuclei  are  rela- 
tively   small.     TTie 
cells  completely  fill 
Ilie  alveoli  so  that  tlie  latter  appears  to  be  solid. 
'I'he  cells  disintegrate  and  change  directly  into  secre- 
tion, which  is  then  poured  info  the  follicle  as  sebum. 
'I'lu'  reni'wal  of  lost  cells  takes  place  by  constant 
|irnliferation  of  basal  cells. 

1(  is  i\i\\W  common  in  the  scalp  to  find  sebaceous 
I'vsis,  itr  wens,  which  result  from  an  occlusion  of  the 
iliift  ami  an  eiilarfjcment  of  the  Rland.  These  cysts 
;t\v  lined  hv  a  simple  layer  of  epithelium  and  filled 
with  II  while,  waxy,  or  semisolid  lluid  (juite  analo- 
i;iin'i  III  llie  sehuiu.  Wens  are  of  slow  growth  and 
(MUM'  nil  ili^UnlKinec,  unless  they  gel  very  large  or 
brriiiiie  infrelcd  hv  being  carelessly  opened.  The 
radical  cine  consists  in  their  complete  removal,  in- 
ehiiling  ttie  c|iillieliiil  wiill. 


CHAPTER  XI. 

PERIPHERAL  NERVE  TERMINATIONS. 

Physiologically,  nerve  endings  may  be  classified  as 
motor  or  sensory, 

MOTOR  NERVE  ENDINGS. 
(The  Telodcndria  of  Nerve  Fibera  tn  Muscle  TtMue.) 

I.  In  Striated  Huscle. — The  nerve  endings  in  stri- 
ated muscle  are  called  muscle-end  plates,  or  sole  plates. 
In  the  higher  vertebrates  these  are  found  in  the 
muscle  sarcoplasm  just  beneath  the  sarcolemma  of 
each  muscle  fiber.  A  motor  nerve  fiber  as  it  ap- 
proaches its  termination  becomes  much  branched 
so  as  to  innervate  from  ten  to  twenty  muscle  fibers. 
The  axis  cylinder  enters  the  sarcoplasm  where  it  im- 
mediately terminates  in  a  web-like,  flatend-brush  with 
numerous  dilatations.  The  axilemma,  or  Henle's 
sheath,  is  continuous  around  the  brush.  The  me- 
dullary layer  stops  short  at  the  level  of  the  sareo- 
Icmma;  that  is,  at  the  surface  of  the  sarcoplasm. 
The  neurolemma  is  continuous  with  the  sarcolemma 
of  the  muscle  fiber.  The  adjacent  sarcoplasm  of  the 
muscle  fiber  is  granular  and  a  liberal  supply  of  muscle 
nuclei  is  also  present  in  the  proximity,  which  results 
in  an  elevation  of  the  muscle  fiber  at  the  point  of 
nerve  contact  known  as  Doyer's  elevation. 
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2.  In  non-Striated  and  in  heart  muscle  the  nerve 
termination  is  more  simple.  The  muscle  is  supplied 
with  neurons  from  the  sympathetic  system,  most  of 
which  are  of  the  non-medullated  variety.  These 
fibers    branch    repeatedly    to   form    an    extensive 


(iy>hni 


voluntary   muscles.      From 

It  the  arboresccncc 

The  end  plate  is  in  con- 

ividoll). 


pihiuny  f'le.xiis  surrounding  the  muscle  bundIe^. 
I'Voiii  this  plexus  non-medullated  fibers,  that  is, 
just  the  axis  cyliiidcrs,  penetrate  the  heart  muscle, 
or  the  iiivoluulury  muscle,  where  they  anastomose 
to  form  a  delicate  secondary  plexus,  from  which  lat- 
eral short  twigs  pass  to  end  in  minute  dilatations  or 
granules  upon  the  muscle  cells. 
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SENSORY  NERVE  ENDINGS. 
(Telodendria  of  Dendrltea.) 
The  sensory  nerve  terminations  are  essentially 
the  terminals  of  dendrites  as  distinguished  from  the 
motor  plates  which  are  the  terminals  of  axones. 
The  cell  bodies  of  these  sensory  neurons  are  found 
in  the  spinal  and  cranial  ganglia,  often  at  a  consid- 
erable distance  from  the  sensory  termination.     In 


.... 


I'ig.  ;54. — Motor  nerve  ending  on  Fig.  ^SS- — Molor  nerve 

heart  muscle  cells  □(  cat;   methylene'  ending  on  involuntary  non- 

blue  sluin  (Huber,  Dc  Witt).  striated    muscle    cell   from 

intestine  of  cat;  methy- 
lene -  blue  slain  (Huber, 
De  Wilt). 

this  case  the  dendrite  is  a  long  one,  medullated,  and 
structurally  identical  with  an  axis  cylinder  or  axone. 
The  nerve  impulse  is,  however,  normally  carried 
toward  the  nerve  cell,  while  in  axones  the  impulse 
goes  the  opposite  way.  As  stated  in  another  place, 
such  sensory  neurons  have  a  long  dendrite  that  ex- 
tends peripherally  and  a  short  axone  that  passes 
centrally;    that   is,   to  the  spinal  cord  or  brain. 
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These  sensory  endings  form  tdodendria  or  end- 
brushes  that  vary  in  complexity  according  to  the 
tissue  elements  that  take  part  in  their  formation. 

I.  Free  Sensory  Nerve  Endings. — These  are  the 
simplest  forms  of  nerve  endings  and  occur  in  ejri- 


0^1)111  ami   D^iviiloiri. 


■   from   l.;ill  ..f    cal'a  foot 


thelial  lissuts  and  in  some  parts  of  the  connective 
lissui'S.  Tin-  st-nsory  nerve  HIkts  near  its  termina- 
tion rcpt.>atedly  branch,  tllc  latter  retaining  the 
nu'dulUiry  sheath.  The  braiiehos  appear  always  at 
the  nudes  of  Ranvier.     From  this  coarse  plexus  a 


I 
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finer  iion- medulla  ted  system  of  branches  appear 
which  innervate  the  epithelium  and  terminate  in 
varicosities,  discs,  or  minute  granules  that  lie  in  appo- 
sition   to    epithelial 


cells.  Similar  free 
terminations  occur 
in  tendons,  and  liga- 
ments,  and  other 

fibrous    connective      '"'iS'  J57-— Tacllle  cells  from  the  bill  ot  a 

duck, 
tissue. 

2.  Tactile  Cells.— These  are  also  called  Grandry's 
corpuscles,  and    may    be    found    in    the  duck's  bill 
just    beneath    the 
ini      epithelium. 
The  cells  are  of 
epithelial  origin, 
oval,  and  meas- 
ure about  50/^  in 
diameter.      One 
to  five  cells  are 
surrounded  by  a 
connective-tis- 
sue    capsule. 
These    cells   are 
superposed     o  n 
each  other,  with 
their   long  axes 
always    parallel  ■ 
to  the  surface  of 
the  bill.    A  me- 
dullated    nerve   fiber  may  be   traced   to  the  cap- 
sule, which  it  penetrates  and  then  becomes  non- 
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medullated.  The  latter  terminates  in  Inctile  discs 
that  are  interposed  between  the  tactile  cells.  A 
group  of  three  cells  will  have  two  discs;  five  cells 
■will  have  three  discs. 

3-  Corpuscles  of  Herbst. — These  are  much  larger 
1)odies  and  may  also 
be  found  in  the  bills 
of  aquatic  birds,  in 
close  association 
with  the  tactile  cells 
just  described. 
They  arc  ovoid 
bodies  75/(  wideand 
150  n  long.  There 
is  an  inner  core  sur- 
rounded with  con- 
nective-tissue lamel 
lae.  The  core  con- 
tains the  axis  cylin- 
der, which  is  thick- 
ened at  the  end  and 
is  encased  between 
two  rows  of  cells  that 
seem  to  have  the 
same  function  aS' 
Grandry's  corpus- 
cles. The  nerve  fiber 
enters  at  the  end  of  the  corpuscle  and  become* 
non-medullated  only  after  reaching  the  inner  core. 

.(.  Meissner'sCorpuscles.— These  are  found  beneath 
the  fpidLTniis  of  man,  particularly  of  the  hand  and,: 
foot,  and  occupy  the  dermal  papillx  of  the  dermis. 


Fig.  »sg. — Mcissnpr's  lactile  corpus- 
\v\  mclhylenc-hluc  stain  (UoEi^l,  "In- 
-rnal.  Monalsschr,  f.   Ann!,   u.  Phys.," 
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They  are  oval  bodies  and  approximately  the  same 
size  as  the  corpuscles  of  Herbst.  There  is  a  thin 
connective- tissue  capsule  and  a  loose  complex  core. 
One  or  more  medullated  nerve  fibers  enter  at  the 
lower  end  of  the  corpuscle.  These  soon  become 
non-medullated  and  their  axones  then  make  a  vari- 
able number  of  spiral  turns  which  interlace,  branch, 
and  are  beset  with 
many  granules  or 
varicosities.  One 
or  more  axis  cyl- 
inders occupy  the 
center  of  the  core. 
5.  Genital  Cor- 
.  puscles.  — Those 
are  oval  or  round 
bodies  located  in 
the  mucosa,  just 
beneath  the  epi- 
theUum  of  male 
and  female  geni- 
talia. Their  size 
varies  from  o.  i 
mm.  to  0.4  mm. 
They  are  sur- 
rounded by  a  thick  fibrous  capsule  and  each  cor- 
puscle is  innervated  by  one  to  ten  medullated  nerve 
fibers.  The  latter  become  non-medullated  after 
passing  through  the  capsule,  and  the  axones  then 
form  a  complex  core  quite  analogous  to  that  of 
Meissner's  corpuscle.  In  fact,  the  two  are  very 
similar  structures. 


Fig.  260. — ^Ctnilal  corpuscle  from  the 
elans  penis  ot  man;  melhjicnc-bluc  sluin 
(DogicI, "  Arcli.  f.  mik.  AnaL,"  vol.  XLt.) 
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6.  Pacinian  Corpuscles.— Tliese 

are  oval  Ixxlies     ^^H 

and  the   larger  ones  are  easily 

^^1 

visible  to  the  naked  eye,  being 

J  ^jgar-fc^        ^^ 

over  2  mm.  long.     Structm-ally 

^sBgSjk 

they  seem  related  to  the  corpus- 

IR^H^B 

cles  of  Herbst.     They  are  found 

JHI^BB 

in  the  dermis  of  the  hand  and 

^HnM^B 

foot,  particularly  along  the  lower 

jfmWm9k 

surface  of  the  fingers  and  loes. 

hM'J^W^  ^» 

They  are  also  found  in  the  joints, 

DLfill/M 

the  peritoneum,  pleura,  pericar- 

H^IfTiM 

dium,  and  are  especially  abim- 

y|LraHi|ii 

dant    in    the    mesentery.      The 

lliiP^I  Bil 

greater  portion  of  the  corpuscle 

ffin^lnli 

consists  of  concentric  lamellre  of 

BoFJlnl 

connective-tissue   origin.     Be- 

I^^Pn 

tween  these  flat  endothelial  cells 

i^v^y 

intervene.       A    granular    core 

v1*^£i 

forms  the  axis  of  the  corpuscle, 

HaTl^W 

in  the  center  of  which  the  axis 

1',;  V'  (kv           ^^M 

cylinder  may  lje  traced.     Usually 

i' '  .'W        ^H 

one  large  nerve  fiber  goes  to  each 

If    m 

corpuscle.      After    entering    the 

core  this  forms  a  plexus  of  fine 

branches  and  becomes  non-nied- 

ml/i                  ^^H 

utlated. 

7.  Tendon   and  Muscle    Spin- 

Fig. lAj.—NcuiMiifn'  ^^^1 
frcm    nhbit:    trised      ^^1 

dles. — A  tendon  spindle  is  an  ex- 
pansion of   tendon  bundles  en- 
closed in  a  well  defined  connec- 

prcparuliun of  tissuf  ^^^H 
Blain«l  in  methylene-  ^^^H 
\,\<K  (Hubrr  and  Ue  ^^H 
Will,  "Four.  L'omp.  ^^^H 
Neurol.,"                              ^^H 

tive-tissue    sheath.     The    nerve 

^^H 

fiber  enters  the  middle  of  the  spindle,  divides  re-    ^^^| 

^^^^^       «4                                 ^^^^^^ 

^^^1 
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peatedly,  becomes  tx>n-niediiUated  and  finally  ter- 
mioales  in  varicosities  or  expanded  davate  ends. 
The  MUfcle  spindle  is  a  collection  of  delicate  inttscle 
fibers  enveloped  in  a  dense  perimysium  sheath,  the 
whole  bcin^  innervated  by  sensoo-  ner\'e  endings 
much  as  in  tendon  spindles.  The  sensor>-  endings 
both  in  tendon  and  muscle  transmit  the  sensation 
of  tension  which  becomes  the  basis  for  coordinate 
movements. 


A 


CHAPTER  XII. 
THE  SPINAL  CORD. 

The  spinal  cord  is  an  organ  composed  largely  of 
neurons,  with  which  are  associated  blood-vessels, 
connective-tissue  dements,  and  a  limited  amount  of 
epithelial  and  muscle  cells.  It  represents  the  ter- 
minal portion  of  the  cerebrospinal  axis  and  is  a 
direct  continuation  of  the  encephalon.  It  is  one  of 
the  first  organs  to  develop  in  the  embryo  where  it 
makes  its  appearance  as  a  dorsal  ectodermal  groove. 
This  neural  groove  gradually  closes  to  form  a  canal 
which  lies  at  first  just  beneath  the  ectoderm  and 
later  becomes  encased  in  connective-tissue  layers  and 
the  bony  axial  skeleton. 

The  cord  is  bilaterally  symmetrical  and  flattened 
dorso-ventrally.  It  presents  two  enlargements: 
(i)  the  upper  or  cervical,  which  extends  from  the 
third  cervical  vertebra  to  the  second  thoracic  and 
corresponds  to  the  origin  of  the  nerves  of  the  arm,  and 
(2)  the  lower  or  lumbar,  which  extends  from  the 
ninth  thoracic  vertebra  to  the  terminal  cone  at  the 
level  of  the  body  of  the  second  lumbar  vertebra. 
The  lumbar  enlargement  marks  the  origin  of  the 
nerves  of  the  leg.  From  the  apex  of  the  terminal 
cone  there  extends  a  slender  rudimentary  prolonga- 
tion, the  filum  terminale,  which,  with  the  spinal 
nerves  of  this  region,  is  called  the  cauda  equina.    The 
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Spinal  cord,  therefore,  does  not  extend  the  whole  ] 
length  of  the  vertebral  canal  but  only  to  the  level  of 
the  second  lumbar  vertebra.     Its  length  is  about  ' 
eij,'hteen  inches,  its  diameter  one-half  inch  or  less. 
Membranes   of    the    Cord   or   Meninges.  —  i.  The 
Dura, — This  is  a  thick  strong       mbrane  composed  of 
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n  of  spinal  ror<i  and  membranes  disswted 


white  fibrous  tissue  which  forms  the  outer  covering 
of  the  cord.     Many  blood-vessels  find  lodgment  in 
this  membrane.     It  is  analogous  and  eontinuou 
with  the  dura  of  the  brain,  the  most  striking  diffei 
ence  being  that  the  dura  of  the  cord  does  not  form 
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the  internal  periosteum  of  the  vertebral  canal.  Be- 
tween the  dura  and  the  vertebrte  is  a  space  called 
the  epidural  space,  which  is  filled  with  areolar  tissue, 
fat,  and  a  plexus  of  spinal  veins. 

2.  Tke  Pia. — This  is  a  thin  connective-tissue 
layer  that  lies  close  to  the  surface  of  the  cord,  dips 
into  the  anterior  fissure,  and  also  sends  fibers  or 
trabecula?  into  the  cord  substance.  Many  small 
blood-vessels  accompany  this  layer. 

3.  Tke  Arachnoid. — This  is  a  delicate  membrane 
between  the  other  two,  but  much  nearer  the  dura. 
Its  external  surface  is  clothed  with  a  single  layer 
of  flat  epithelial  cells  which  secrete  a  serous  fluid. 
The  arachnoid  is  therefore  a  serous  membrane. 

Fissures. —  r.  Posterior  Median  Fissure. — -This  is  a 
median  dorsal  fissure  tliat  extends  the  whole  length 
of  the  cord.  It  is  extremely  narrow  but  deep,  as  it 
penetrates  to  the  central  gray  matter,  being  inti- 
mately connected  with  the  two  sides  in  its  course. 
The  single  septum  is  derived  from  the  neuroglia  tis- 
sue, and  not  from  the  pia.  which  sends  no  prolonga- 
tion of  any  kind  into  it. 

2.  Anterior  Median  Fissure.— This  also  extends 
the  whole  length  of  the  cord.  It  is  shallower  but 
wider  than  the  posterior  fissure  and  does  not  quite 
reach  the  central  gray  matter.  The  pia  forms  a 
fold  into  this  fissure  with  which  is  associated  many 
blood-vessels.  The  two  median  fissures  or  clefts 
divide  the  cord  into  a  right  and  a  left  half,  each 
practically  identical  with  the  other. 

3.  Poster o-lateral  Groove. — This  is  a  shallow  de- 
pression on  each  side  of  the  posterior  fissure  and 
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8  cervical,  iz  dorsal,  5  lumbar,  5  sacral,  and  i  coc- 
cygeal. Each  nerve  is  attached  to  the  cord  by  a 
dorsal  and  a  ventral  root.  Each  root,  before  uniting 
with  the  cord,  breaks  up  into  secondary  bundles  and 
spreads  out  like  a  fan,  making  a  continuous  linear 
attachment.  The  dorsal  ganglion  is  located  upon  , 
the  dorsal  within  the  vertebral  caual,  near  the  union  ' 
of  the  two  roots. 

Gray  Matter  of  the  Cord. — The  rjray  mailer  of  the 
cord  is  centrally  located  and  takes  the  form  of  a 
capital  letter  H.  The  gray  matter  in  each  lateral 
half  resembles  a  crescent  which  is  joined  to  the  op- 
posite side  by  an  isthmus,  in  the  center  of  which  is 
.  the  central  canal.  The  latter  is  usually  obliterated 
in  the  adult  man,  and  is  filled  as  well  as  surrounded 
by  the  gelatinous  substance  of  Rolando,  which  is  a 
reticular  structure.  That  part  of  the  isthmus  above 
the  central  canal  is  called  the  posterior  gray  com- 
missure, while  the  gray  matter  ventral  to  the  canal 
is  the  anterior  commissure. 

Each  crescent  may  be  divided  into  a  posterior, 
lateral,  and  anterior  kom.  The  anterior  horn  is  the 
largest  and  the  lateral  horn  is  the  smallest.  The 
posterior  horn  is  pointed  and  approaches  near  to  the"i 
posterior  lateral  groove.  The  apex  of  this  horn  is 
called  the  zona  tcrminalis.  At  the  base  of  this  apex 
there  is  a  reticular  substance  called  the  zona  reticu- 
laris, while  next  to  this  and  apparently  capping  tlie 
posterior  horn  is  a  gelatinous  mass,  similar  to  that 
which  surrounds  the  central  canal,  called  the  sub- 
stantia gelatinosa  0}  Rolando. 

The  nerve  cells  of  the  posterior  horn  are  irregularly 
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distributed  and  some  of  them  are  particularly  small 
fltid  have  a  stellate  appearance.  At  the  base  and 
mesial  surface  of  this  horn  there  is  a  group  of  large 
iKTvt'  cells  called  the  column  of  Clarke.  This  column 
extends  from  the  second  lumbar  up  through  the 
dorsiil  rct:;ion  of  the  cord  to  the  cervical.  In  the 
cervical  region  it  is  absent;  however,  Stilltng's  nu- 
cleus of  this  region  may  represent  a  remnant  of  the 
eiilmnn  of  Clarke.  At  the  base  of  the  dorsal  horn, 
(ieeiK-r  down  and  lateral  to  Clarke's  column,  another 
ijnnip  of  nerve  cells  may  be  found  that  is  called 
Wolilrycr's  central  cell  column.  This  is  reciprocal 
with  Clarke's  column;  that  is,  in  the  dorsal  region 
whore  Clarke's  column  is  conspicuous,  only  rem- 
Hiiiits  of  Wahloyer's  tract  can  be  found,  while  in  the 
oIIkt  rei;ioiis  of  the  cord  this  cell  tract  is  particu- 
i:u"1v  pnimiiiciil. 

TIk'  Lil.uil  lioin  is  a  small  lateral  prominence  at 
llie  side  of  the  ^ray  crescent.  In  the  substance  of 
this,  a  siiinll  collection  of  nerve  cells  may  be  found, 
wliih-  just  heiieatli  tins  the  gr:»y  matter  cuts  into 
I  111'  wliili-  iiiiilter,  foriiiiufi  processes  called  the 
/•j.'M  '.'fr.v  ii-liriil.iiis. 

Till'  iiiitnit'i  limii  is  not  only  large  but  presents  a 
liliiiit ,  rnuiuled  apix'araucc.  The  ner\-e  cells  of  this 
hnrii  are  very  larjjeaiid  have  liceii  classified  accordinj; 
In  iluir  iMisition  into  a ntcro- mesial,  postcro- mesial, 
aiiteri)  lateral,  and  iHistero-latcral.  The  axis  cylin- 
der of  most  iif  these  cclllHKlies  goes  to  form  the  an- 
leriiir  niivl  of  the  spinal  nerves.  They  therefore 
eanv  <ndy  mntur  impulses. 

White  Matter  of  the  Cord.— The  white  matter  ol 
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the  cord  consists  of  medullated  nerve  fibers.  Most  of 
these  fibers  have  no  neurilemma,  and  the  cord  there- 
fore is  soft  and  pulpy,  in  contrast  to  the  nerve 
trunks  whose  fibers  have  a  neurilemma  which  with 
the  connective -tissue  elements  make  nerves  tough 
and  strong.  The  white  matter  practically  encloses 
the  gray.     The  fibers  which  compose  it  vary  con- 


Pmlnier  fitmn. 


Fig.  i66. — Cross  seclion  o!  ihc  spinal  rord.  dorsal  region,  i,  Zntia 
terminalis;  i,  xona  relicularis;  3,  suhsianlia  gi^latino&n  of  Ralando;  4, 
aleliale  cells  of  posterior  hom;  5,  column  of  Clarke;  6,  Waldcycr's 
central  cHl  column;  7,  cclla  of  lateral  hprn;  8,  central  canal;  g,  anltro- 
mrsiBl  cells;  10,  pogtera-mesial  cells;  11,  antcro-lateral  cells;  i>,  pos- 
tcro- lateral  cells. 


siderably  in  size,  both  large  and  small  being  mixed 
up  together.  In  sections  of  the  aduU  healthy  cord 
no  evidence  of  definite  tracts  of  fibers  can  be  seen. 
We  know,  however,  that  longitudinally  arranged 
groups  of  fibers  run  a  definite  course,  have  definite 
connections,  and  carry  impulses  that  result  in  defi 
nite  sensations  and  actions.     The  physiological  evi- 
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dence  of  this  fact  is  experimental  and  positive.  A 
nerve  fiber  detached  from  its  cell  body  dies.  In 
this  way  tracts  will  degenerate  in  the  cordi  some 
above  and  some  below  a  transverse  cut.  The  em- 
bryotogical  ccidencc  rests  on  equally  positive  facts. 
In  de\'eIopnient  certain  tracts  acquire  medullary 
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rif>.  2^17.' CniM  srcliiiii  of  ihr  s|iinnl  mrri,  lumhar  region,  t.  naw 
li'rniinalis;  2.  rJ>n.-i  rctk-uluris;  i,  sulislanlia  K('l'><i')'>^  <^  Rolando;  4, 
sltlliilr  nils  iif  iHislrrior  hum;  5.  i-i.lunin  of  Clarkr;  6.  Waldeyer's  «ii- 
lidi  ci-U  loliimn;  7,  ix'Us  nf  laior^l  liiim:  R.  lonlml  r.inal;  9,  anlcro- 
iiu'Miiil  I'l-lls;  10.  tHKlt-ruiK^ilci'lts;  1 1,  anIcni-laliTal  crlLs  ii,)>aetno- 
l.il<-r.il<>'IR 

shciiths  earlier  than  others.  This  fact  has  greatly 
exti'iided  our  knowledge  of  the  white  matter  in  the 
ecird.  The  piillioh<iical  evuiencc  is  a  third  factor. 
Certain  diseases  protluce  degenerate  lesions  in  the 
eurd.  Proper  interpretations  of  these  lesions  have 
eiiahied  us  to  map  out  definite  nerve  tracts  in  the 
L-onl,  and  to  tletermine  their  relations  as  well  as  pos- 
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sible  functions.  The  information  evolved  from 
these  sources  makes  a  classification  of  tracts,  in  the 
cord,  possible. 

Tracts  of  the  Cord.— Posterior  Region. 

1 .  Column  oj  Gall. — This  lies  adjacent  to  the  dorsal 
fissure  and  extends  the  whole  length  of  the  cord. 
Its  fibers  arborize  about  nerve  cells  in  the  ntideus 
gracilis  of  the  lower  region  of  the  medulla. 

2.  Column  of  Burdach.- — This  extends  parallel  to 
the  column  of  Goll  between  the  latter  and  the  pos- 
terior horn  of  gray  matter.  It  extends  the  whole 
length  of  the  cord  and  its  fibers  arborize  about  nerve 
cells  in  the  nucleus  cuneatus  of  the  medulla,  adjacent 
to  the  nucleus  gracilis.  The  column  of  Goll  becomes 
wider  in  the  upper  portions  of  the  cord  and  that  of 
Burdach  narrower.  This  is  due  to  nerve  fibers  that 
gradually  pass  into  the  column  of  Goll  from  the  col- 
umn of  Burdach  on  their  way  to  the  brain. 

3.  Comma  Trad.- — This  is  a  small  tract  found  in 
the  column  of  Burdach,  and  represents  sensory 
fibers  from  the  posterior  roots  of  the  spinal  nerves 
that  pass  down  the  cord  for  a  short  distance,  and 
then  turn  into  the  anterior  horn  of  gray  matter  to 
arborize  about  nerve  cells  of  this  region. 

4.  Lissaur's  Marginal  Gjound  Bundle. — This  is  a 
small  commissural  tract  placed  near  the  surface  of 
the  cord  just  lateral  to  the  entrance  of  the  posterior 
root  fibers.  It  is  formed  by  some  of  the  fibers  of 
this  root.  The  tract  extends  the  whole  length  of 
the  cord,  but  each  individual  fiber  runs  but  a  short 
distance  and  then  turns  inward  to  arborize  about 
nerve  cells  of  the  posterior  horn. 
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These  four  tracts  are  composed  almost  entirely  ol 
nerve  fibers  that  enter  the  cord  by  the  posterior 
roots  ot  the  spinal  nerves.  They  are  therefore  sen- 
sory tracts  and  forward  impulses  toward  the  brain. 
The  termination  of  the  posterier  root  fibers  may  be 
enumerated  as  follows: 

I.  Column  of  Goll,  Burdach,  comma  tract,  Ivis- 
saur's  tract. 

3.  Arborize  about  the  cells  in  Clarke's  column. 

3.  Arborize  about  the  cells  in  posterior  horn. 

4.  Arborize  about  the  cells  in  anterior  horn  on 
same  and  opposite  side. 

Lateral  Region. — Thetractsof  this  region  are :  (l) 
Direct  Cerebellar ;  (2)  Gowers's.or  Ascending  Antero- 
lateral; (3)  Crossed  Pyramidal;  (4)  Lowenthal's, 
or  Anterolateral  Descending;    (5)  Mixed  Lateral. 

1.  The  Direct  Cerebellar. — This  is  a  band  of  fibers 
that  lies  at  the  surface  of  the  cord  just  lateral  to  the 
dorso-latcral  groove.  Its  nerve  fibers  are  derived 
from  the  cells  of  the  column  of  Clarke,  consequently 
the  tract  extends  from  the  last  dorsal  up  to  the 
medulla  on  the  same  side.  It  is  an  ascending  or 
sensory  tract,  and,  as  it  is  traced  upward,  becomes 
wider  from  the  acquisition  of  axones  from  the  col- 
unui  of  Clarke.  It  enters  the  cerebellum  through 
the  inferior  peduncle  and  finally  terminates  in  the 
cerebellar  cortex  of  the  superior  worm  on  both  ^des, 
chiefly  the  opposite. 

2.  Gowers's  trad  lies  just  in  front  of  the  direct 
cerebellar  and  also  at  the  surface  of  the  cord.  It  is 
an  asccnduig  or  sensory  tract  and  some  of  its  fibers 
are  supposed  to  reach  the  cerel>elliim  by  passing 
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through  the  formatio  reticularis  of  the  medulla,  and 
making  a  backward  turn  through  the  superior  med-  * 
ullary  velum  of  the  same  side. 

Other  fibers  of  this  tract  have  been  traced  to  the 
corpora  quartrigeniina,  the  thalamus,  substantia 
nigra,  and  the  lenticular  nucleus  of  the  cerebrum. 
The  fibers  of  this  tract  extend  the  whole  length  of  I 


» 


Fi^.  368. — CrosEseclion  oF  spinal  (onl  cervical  region,  i.  Zona  t« 
minalis;  2,  zona  reticularis;  3,  subalanlia  gelatinosa  of  Rolatidoi  4, 
Eteliate  cells  of  pusleriurliorn;  5,  column  ot  Clarke;  6,  Waldeyer'a  ccn- 
Iral  cell  column;  7,  cells  of  Inieral  horn;  8,  central  cnnal;  g,  aiitero-me- 
sial  cells;  lo,  pmlero-inisial  cells;  11,  aniero-latcral  celLs;  11,  postcro- 
lalcral  celts. 

the  cord  and  probably  have  their  origin  in  the  cells 
of  the  posterior  horn. 

3.  The    crossed  pyramidal   trad  is  a   large   and   | 
well-defined  bundle  that  lies  just  beneath  the  direct   i 
cerebellar;    that  is,  between  this  and  the  posterior 
horn.     Below  the  point  where  the  direct  cerebellar 
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bejpns,  the  crossed  pyramidal  conies  to  the  surface 
of  the  cord.  The  fibers  of  this  tract  have  their  origin 
in  the  large  pyramidal  cells  of  the  cerebrum  in  the 
region  of  the  area  of  Rolando.  Traced  downward 
from  this  source,  they  cross  in  the  lower  part  of  the 
medulla  to  the  opposite  side  of  the  cord,  making  at 
this  point  the  motor  decussation.  As  it  descends  the 
tract  gradually  diminishes  in  size,  due  to  the  fact 
that  fibers  leave  it  to  arlrarize  around  the  large 
motor  cells  of  the  anterior  horn.  In  this  way  the 
entire  tract  is  ultimately  exhausted  near  the  lower 
extremity  of  the  cord.  It  is  thus  a  descending  or 
motor  tract  that  governs  the  opposite  side  of  the 
body  from  where  it  has  its  origin. 

4.  Lowenthal's  tract  is  closely  associated  with 
Gowers's.  Its  position  is  anterior  and  mesial  to 
Gowers's,  encroaching  some  upon  the  anterior  region 
of  the  cord.  The  fibers  of  this  tract  are  supposed  to 
come  from  cells  in  Deiters'  nucleus  of  the  medulla 
which  may  be  regarded  as  an  internodc  between  the 
cerebellum  and  the  medulla.  This  tract  descends 
as  far  as  the  lumbar  region  and  its  fibers  are  supposed 
to  arborize  around  the  motor  cells  of  the  anterior 
horn  of  the  spinal  cord. 

5.  The  mixed  lateral  bundle  represents  the  re- 
mainder of  the  lateral  region.  Its  fibers  probably 
come  from  cells  in  all  parts  of  the  gray  matter  of  the 
cord,  and  from  cells  on  the  opjKjsite  side  of  the  cord. 
At  intervals  these  fillers  ultimately  reenter  the  gray 
matter  and  arborize  alwut  nerve  cells.  It  is  there- 
fore an  intersegmental  or  commissural  tract,  botji, 
sensory  and  motor.  p^ 
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Anterior  Region. 

1,  Direct  Pyramidal  Trad. — This  is  a  small  well- 
defined  tract  that  lies  next  to  the  antero -median 
fissure.  As  a  rule  this  tract  can  only  be  traced  down 
to  the  middle  of  the  dorsal  region.  These  fibers 
originate  jointly  with  those  of  the  crossed  pyramidal 
tract;  that  is,  from  the  large  pyramidal  cells  of  the 
cerebral  cortex.  The  fibers,  however,  do  not  cross 
in  the  medulla  but  pass  directly  down  the  cord  on 
the  same  side.  The  fibers  cross  in  the  cord  at  inter- 
vals in  its  course,  making  use  of  the  anterior  com- 
missure to  reach  the  opposite  side,  where  they  ar- 
borize around  the  cells  of  the  anterior  horn  in  a 
manner  like  those  of  the  crossed  pyramidal.  It 
thus  follows  that  the  motor  cells  on  one  side  of  the 
cerebrum  control  the  muscular  contraction  on  the 
opposite  side  of  the  body,  either  through  thecrossed 
or  the  direct  pyramidal  tract  or  through  both. 

2,  The  anterior  ground  buridle  is  really  a  part  of 
the  mixed  lateral  tract  already  described.  It  is 
composed  of  ascending  and  descending  fibers  that 
have  both  their  origin  and  their  termination  in  the 
gray  matter  of  the  cord  and  is  therefore  an  inter- 
segmental or  commissural  tract. 

3,  Avlerior  IVkite  Commissure. — This  is  composed 
of  medullated  nerve  fibers  passing  parallel  to  the 
gray  commissure  between  the  latter  and  the  bottom 
of  the  anterior  fissure.  It  is  a  decussation  of  fibers 
of  a  mixed  variety,  many  of  them  being  derived 
from  the  direct  pyramidal  tract  as  already  stated, 


CHAPTER  XIII. 

THE  BRAIN. 

The  brain,  or  encephalon,  develops  jointly  with 
IIk'  spinal  cord,  and  represents  the  anterior  extremity 
of  the  cerebrospinal  axis.  The  average  weight  of 
the  brain  is  about  forty-eight  ounces,  while  the  cord 
weighs  less  than  one  ounce.  Like  the  cord  it  is  an 
organ  in  which  all  the  elementary  tissues  may  be 
found  but  in  which  the  neurons  predominate. 
During  embryonic  growth  the  brain  and  cord  are  a 
hollow  tube  and  this  cavity  is  never  obhterated,  but 
remains  in  the  brain  as  its  ventricles.  Develop- 
mental history  further  discloses  the  fact  that  the 
brain,  like  the  cord,  is  made  up  of  definite  segments 
or  joints  called  ueitronn-ics.  These  primary  units 
are  soon  replaced  by  three  larger  vesicles  called 
primary  fore  brain,  midbrain,  and  hind-brain.  It 
is  generally  aflirmed  that  the  first  of  these  repre- 
sents ,1  neuromeres.  the  second  2  neuromeres,  and 
the  third  6  neuromeres.  Later  the  primary  fore- 
bniin  dividfs  to  form  the  cerebrum  and  the 'tween - 
brain,  while  the  hind-brain  ;dso  divides  to  form  the 
eerehelhmi  and  medulla.  In  the  adult  brain,  there- 
fore, five  divisions  may  be  recoi;ni/ed,  each  of  Iheni 
preseuliiii;  a  central  canal  or  cavity  as  designated  in 
the  table  below: 
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Primary  Divisions. 


J  1.  ThalamenntihaJaii,  01  illni-  Third  veiltr 
I           cFplialon.or  'twecii-bniin. 

3.  MHencephaloii  or  mid-bniln.  AqunlDclal 

(  4r  Metem^ephaloii    or    cerebeL-  Upper  part 

I  J-  Myelsnccphslon  or  mcduUtt.  Founb  v*nl 


I 


The  brain  is  thus  a  hollow  multiple  organ.  Its 
central  cavity  is  lined  with  a  serous  membrane,  the 
ependyma,  which  secretes  a  serous  fluid,  the  cerebro- 
spinal fluid.  The  outer  vascular  investments  are  the 
meninges,  which  ser\'e  as  a  delicate  packing  between 
the  brain  wall  and  the  bony  vault  of  the  cranium. 

The  Meninges.— These  are  three  connective-tissue 
investments  to  the  brain  that  are  practically  identical 
and  continuous  with  those  already  described  inclos- 
ing the  cord.  It  will  be  sufficient,  therefore,  to  men- 
tion the  points  wherein  these  membranes  slightly 
differ. 

The  dura  of  the  brain  forms  the  periosteum  of  the 
investing  bones,  while  each  segment  of  the  vertebra! 
column  has  its  own  periosteum.  Several  broad 
prolongations  of  the  brain  dura  extend  between  the 
different  divisions  of  the  brain.  These  are  the  ten- 
torium between  the  cerebrum  and  the  cerebellum;  , 
the  jalx  cerebri  which  dips  into  the  great  fissure  be- 
tween the  two  lobes  of  the  cerebrum,  and  the  jalx 
cerebelli,  which  is  a  small  median  septum  between 
the  cerebellar  hemispheres.  At  the  basal  skull  fora- 
mina, the  dura  accompanies  the  cranial  nerves  and 
is  continuous  with  the  areolar  sheaths  of  these 
nerves. 

The  pia  is  composed  mostly  of  areolar  tissue  and 
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small  blood-vessels.  It  is  the  nourishing  tissue  of 
the  brain  and  clothes  its  entire  sur&ce,  dipping 
down  to  the  bottom  of  fissures,  and  sending  strands, 
associated  with  blood-vessels,  into  the  brain  sub- 
stance. The  brain  pia  is  more  vascular  than  that  of 
the  cord. 

The  arachnoid  is  a  web-like  membrane  between  the 
dura  and  the  pia,  but  much  nearer  the  dura.  The 
space  beneath  the  dura  is  called  the  subdural  space, 
and  is  small.  That  between  the  arachnoid  and  pia 
is  lai^r  and  is  called  the  sidtaracknoid  space.  The 
former  has  a  little  serous  fluid,  and  the  latter  is  filled 
with  lymph  and  some  cerebrospinal  fluid.  This 
fluid  reaches  the  external  surface  of  the  brain  through 
a  small  foramen  or  pore  in  the  thin  roof  of  the  fourth 
ventricle.  Trabecute  intervene  between  all  these 
membranes. 

THE  MEDULLA. 
The  medulla  is  about  one  inch  in  length,  and  rep- 
resents the  portion  of  the  brain  next  to  the  spinal 
cord.  Its  lower  extremity  is  at  the  lower  margin  of 
the  foramen  magnum.  From  this  point  it  passes 
upward  in  nearly  a  vertical  direction  to  its  upper  ex- 
tremity at  the  lower  border  of  the  pons.  Being  the 
nerve  center  for  the  large  cranial  nerves,  the  medulla 
is  the  most  vital  part  of  the  brain,  and  the  best  pro- 
tected. Its  lower  portion  resembles  the  cord,  having 
the  same  fissures  and  grooves.  The  upper  portion  is 
expanded  in  such  a  manner  as  to  bring  its  cavity  or 
fourth  ventricle  to  the  dorsal  surface.  This  ex- 
panding process  has  carried  the  dorsal  tracts  later- 
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ally/  leaving  a  very  thin  roof,  consisting  of  the 
ependyma  and  a  vascular  pia,  to  cover  the  ventricle. 
The  lower  half  of  the  fourth  ventricle  is  found  in  the 
upper-  half  of  llie  medulla,  while  the  upper  half  of 
this  ventricle  extends  into  the  pons  region  and  is 
overlaid  by  the  cerebellum.  The  central  canal  of 
the  cord  opens  into  the  lowest  point  of  this  ventricle 
and  therefore  extends  through  the  lower  half  of  the 
medulla,  but  nearer  its  dorsal  surface.     The  lower 


Fig.   3f«).— Dorsal  view  nf  Iht-  medulla. 


miti -brain. 


half  is  therefore  spoken  of  as  the  closed  medulla 
while  the  upper  part,  that  has  the  ventricle,    is  < 
called  the  open  medulla. 

Two  ridges,  the  funiculus  gracilis  and  funiculus 
cuneatus,  may  be  recognized  on  the  dorsal  surface  of 
the  medulla,  and  represent  the  continuation  of  the 
columns  of  GoU  and  Burdach.  The  funiculus  gra- 
cilis  terminates   anteriorly    in   a   blunt   expansion  : 
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called    the    cla^'a.      On  the 


Fig.  ;;o,-\  ifw,  fram  In-low.  of  Ihc 
lonnciiicn  of  ihu  principal  nerves 
wilh  llie  brain:  1'.  ihc  righl  olfarlory 
iraci;  ll.ihelrfttiiilirncnT;  ll'.lhc 
riRliI  o|itit  IraLi  (llic  left  tract  is  actii 
passing  Iwck  into  i  nnd  *■,  the  internal 
and  external  cnrporn  gcnirulntD): 
111.  the  left  oculoinolor  nerve;  IV.  the 
injchlenr;  V,  V,  the  laroe  roots  of  the 
trifacial  nerves:  ++,  the  lesser  roots 
(Ihc  +  of  the  right  side  is  pinced  on 
the  Casscrian  ganglion):  [,  the  uph' 
ihalmic;  j,  the  superior  muxillBri'; 
and  3,  the  inferior  mmillnry  divi- 
sions; VI,  the  left  aliduccns  nerve; 
VII,  VIII,  the  facial  and  audiiorv 
nerves;  IX-Xl.  Ihe  glossopharyngeiil, 
pneumogastric,  ami  spinal  atressory 
nerves;  XII.  ihc  right  hyjioglossnl 
nerve;  C,,  the  left  suboccipital  or  first 
ccrviCHl  nerve  (Nancrede). 


dorsal  aspect  of  the 
open  medulla  is 
found  t  he  resit  jot  m 
body,  which  passes  in- 
to the  injerior  pedun- 
cle 0}  Ike  ceicliellum 
and  represents  fiber 
tracts,  the  most  im- 
portant being  the  di- 
rect cerebellar  tract. 
The  lower  half  of  the 
fourth  ventricle  is  V- 
shaped  nnd  its  apex 
is  called  the  calamus 
scriptorius,  from  its 
resemblance  to  a  pen. 
In  its  floor  three  tri- 
angular areas  are 
found,  called  tn'go- 
num  vagi,  trigonum 
kypoglossi,  and  area 
acustica.  It  is  in 
these  areas  that  we 
find,  respectively,  the 
origin  of  the  tenth, 
twelfth,  and  eighth 
cranial  ner\-es.  The 
strice  acuslicis  are 
transverse  ridges  in 
the  floor  of  tliis  ventri- 
cle, extending  across 
its  middle  part  from 
the  median  sulcus  to 


I 
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the  lateral  margins,  and  represent  nerve  fibers  car- 
rying impulses  from  the  eighth  cranial  nerve. 

On  the  lateral  surface  of  the  medulla  a  prominent 
oval  elevation  appears  called  the  olivary  body, 
which  represents  a  crescent  collection  of  nerve  cells. 
Just  dorsal  to  the  olivary  body  is  the  continuation 
of  the  dorsal  groove  of  the  cord,  and  it  is  from  this 
groove  that  fibers  of  the  ninth,  tenth,  and  eleventh 
cranial  nerves  emerge.  Near  the  anterior  extremity, 
at  the  lower  margin  of  the  pons,  is  the  superficial 
origin  of  the  seventh  and  eighth  nerves.  The  origin 
of  these  ner\'es  corresponds  to  the  entrance  into  the 
cord  of  the  posterior  root  of  the  spinal  nerves.  Just 
median  or  ventral  to  the  olive  is  a  groove  that  cor- 
responds to  the  points  of  exit  of  the  anterior  root  of 
the  spinal  nerves.  From  this  groove  the  fibers  of 
the  twelfth  cranial  ner\-e  escape. 

The  ventral  region  of  the  medulla  presents  a 
median  fissure,  the  continuation  of  the  anterior 
fissure  of  the  cord.  The  upper  end  of  this  fissure 
forms  a  pit  at  the  lower  margin  of  the  pons,  called 
the  Jaramen  cecum.  Just  lateral  to  this  cecum,  and 
curving  around  the  pons,  is  the  superficial  origin  of 
the  sixth  pair  of  cranial  nerves.  On  each  side  of  the 
median  fissure  is  a  longitudinal  ridge  called  the  pyr- 
amids which  represents  the  fibers  of  both  the  crossed 
and  the  direct  pyramidal  tract.  Near  the  lower  ex- 
tremity of  the  medulla  the  fissure  seems  partly 
obliterated  by  ridges  recrossing.  These  represent 
pyramidal  fibers  crossing  to  form  the  crossed  pyr- 
amidal tract,  and  constitute,  therefore,  the  moi 
decussation.     Just  below  the  olive  curved  strise  mi 
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be  seen,  that  appear  to  come  from  the  median  fissure 
and  sweep  around  the  olive  and  enter  the  cerebellum 
through  the  restiform  body  and  inferior  peduncle. 
These  are  called  the  superficial  arcuate  fibers,  and 
many  of  them  come  from  the  nerve  cells  of  the  olive 
of  both  the  same  and  the  opposite  sides. 

Sections   of  the  Medulla. — Cross  Sections   of  the 
Closed  Medulla. — These  verify  the  surface  markings 


already  described.  In  the  dorsal  regionis  the  funic 
gracilis  and  cuneatus,  fiber  tracts  of  the  columns 
of  GoU  and  Burdaeh.  Beneath  these  are  the  nuclei 
of  gracilis  and  cuticaius,  ner\'e  cells  around  which 
arborize  the  teledendria  of  the  fibers  of  the  columns 
of  Goll  and  Burdaeh.  From  these  nerve  cells  axones 
spring  that  sweep  downward  and  across  to  the  oppo- 
site side,  and  in  crossing  form  the  sensory  decussa- 
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(ton.  It  thus  happens  that  the  sensory  impulses  also 
cross  and  reach  the  opposite  side  of  the  brain.  Ex- 
ternal to  the  nucleus  gracUis  is  the  suhstaniia  gelati- 
iwsa  of  Rolando,  a  continuation  of  that  of  the  cord. 
Just  external  to  this  is  a  cross  section  of  nerve 
fibers,  the  ascending  root  of  the  fifth  nerve.  The 
central  area  of  each  lialf  of  the  section  shows  a  large 
number  of  scattered  nerve  fibers  interlacing  and  in 
cross  sections.  This  area  is  called  the  formatio 
reticularis.  Anterior  to  it,  a  collection  of  nerve  cells 
represents  the  olivary  body,  median  and  dorsal  to 
which  a  second  and  smaller  collection  of  cells  consti- 
tute the  mesial  olivary  nucleus.  The  bulk  of  the 
anterior  portion  shows  a  cross  section  of  the  Pyra- 
mids. Some  of  these  fibers  may  be  seen  to  sweep 
to  the  opposite  side,  thus  making  the  motor  decus- 
sation. In  doing  so  they  seem  to  pass  over  in  large 
alternate  bundles,  rather  than  uniformly,  as  is  the 
case  with  the  sensory  decussation.  At  the  anterior 
surface  on  each  side  of  the  median  fissure  and  sweep- 
ing around  the  pyramids  are  the  superficial  arcuate 
fibers,  and  also  a  collection  of  nerve  cells,  the  arcuate 
nucleus. 

In  cross  sections  0}  the  open  medulla  the  resem- 
blance to  that  of  the  cord  is  less  distinct.  The  thin 
roof  of  the  fourth  ventricle  is  usually  broken,  leaving 
a  dorsal  expanded  cleft.  The  lateral  margin  or 
remnant  of  the  roof  is  called  the  lingula.  Just  be- 
neath the  floor  and  close  to  the  median  sulcus  are 
the  nerve  cells  of  the  twelfth  nerve.  Lateral  but  in 
close  proximity  to  these  are  the  nerve  cells  of  the 
tenth  nerve.     The  axones  from  these  cells  may  be 


traced  through  the  substance  of  the  medulla  to  theB 
ventral  exit.  The  superficial  origin  of  the  twelfth 
nerve  is  just  anterior  to  the  ohvc,  and  the  fibers  of 
the  tentli  nerve  may  be  traced  to  their  superficial 
origin  just  dorsal  to  the  olive.     In  serial  cross  sec- 


Fig,  ; 


ronipnaile  dtaWtD^ 


tions  it  will  be  seen  that  the  nuclei  of  the  other  c 
nial  nerves,  from  the  sixth  to  the  twelfth,  he  in  tl( 
floor  of  the  fourth  ventricle. 

The  jasciculus  solitarius  is  a  bundle  of  ner\'e  fibera 
cut  in  cross  section,  and  placed  just  lateral  to  tb 
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nucleus  of  the  tenth  nerve.  This  bundle  represents 
fibers  from  the  ninth  and  tenth  nerves.  Just  in- 
ternal or  mesial  to  this  bundle  are  a  few  cells  called 
the  solitary  nucleus.  This  is  probably  a  motor  nu- 
cleus of  the  ninth  and  tenth  nerves.  Lateral  to  the 
solitary  fasciculus  are  the  fibers  of  the  large  restiform 
body  on  their  way  to  the  cerebellum. 

The  posterior  longitudinal  bundle  is  a  tract  of 
nerve  fibers  that  appears  in  cross  section  just  an- 
terior to  the  nucleus  of  the  twelfth  nerve,  and  lies  in 
close  apposition  to  the  median  plane.  The  formatio 
reticularis  occupies  the  greater  part  of  the  center  of 
each  lateral  half  of  the  medulla,  and  presents  the 
same  appcareancc  as  in  sections  of  the  closed  med- 
ulla. Likewise  the  cells  of  the  olivary  body,  which 
in  the  open  medulla  form  a  large  conspicuous  nu- 
cleus that  takes  the  form  of  a  U  with  wa\'y  sides,  and 
with  the  open  extremity  turned  inward  and  upward. 
Nerve  fibers  from  its  hilum  sweep  across  to  the  oppo- 
site side  and  some  curve  around  to  join  the  super- 
ficial arcuate  fibers  of  the  same  side. 

The  arcuate  fibers  are  divided  into  the  deep  and 
the  superficial  set.  The  deep  set  come  from  the  nuclei 
cuneatus  and  gracilis  and  from  the  sensory  nuclei  of 
the  cranial  nerves.  From  this  source  they  arch  to 
the  opposite  side  and  then  turn  to  pass  upward  in 
the  brain  stem,  where  they  form  the  middle  fillet. 
Tlic  suiierficial  set  may  be  divided  into  an  anterior 
and  a  posterior  group.  The  anterior  group  originate 
in  the  nuclei  gracilis  aud  cuneatus,  accompany  the 
deep  set  to  the  opposite  side  of  the  medulla,  where 
some  of  them  become  superficial  in  the  anterior 
mesial  fissure,  then  curve  around  the  anterior  pyra- 
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mid  jn  the  suporficial  border  of  Ihc  iiifdiilUi,  and 
finally  enter  the  reslifomi  body  and  the  cerebellum 
through  the  inferior  cerebellar  peduncle.  Others 
become  superficial  in  the  antero-lateral  groove  latei 
to  the  anterior  pyramid,  passing  also  to  the  cereb^J 
lum,  through  the  inferior  cerebellar  peduncle. 

The  posterior  group  originate  in  the  nuclei  gracilis 
and  cuneatus  and  pass  directly  forward   and    up- 
ward in  the  cerebellar  peduncle  of  the  same  side  ta^ 
terminate  in  the  cerebellum.     All  the  arcuate  fil)e 
carry  sensory  impulses. 

The  arcuate  nucleus  is  a  collection  of  ner\'e  cells 
interposed  in  the  anterior  superficial  arcuate  fibers  at 
a  point  just  anterior  to  the  pyramids  of  the  medulla, 

SUIHHARY  OF  TRACTS,  THEIR  ORIGIN  AND  TERHINA. 
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The  mixed  truti  are  Nos.  G.  1 

THE  TONS. 

The  pons  represents  the  anterior  basal  portion  of 

the  hind-brain.     It  is  an  oval  body,  one  inch  long, 

one  inch  thick,  and  about  one  and  one-half  inches 

broad.     It  is  a  junctional  piece  between  the  medulla 
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and  the  mid-brain  and  the  overlying  cerebellum. 
The  upper  half  of  the  fourth  ventricle  is  confined  to 
its^dorsal  aspect;  that  is,  between  the  pons  and  the 
cerebellum.  Viewed  from  the  ventral  surface  it  pre- 
.  sents  the  appearance  of  a  rhomlioid  with  striations 
that  pass  transversely  and  become  constricted  later- 
ally to  form  the  middle  peduncles  of  the  cerebellum. 


Trafsvira  fUri  el  H«!. 
^'E-  '73- — Cross  scclion  through  ihc  lower  part  of  the  pons. 

The  fifth  cranial  nerve,  with  its  large  sensory  root 
ami  its  small  motor  root,  is  attached  to  the  ventral 
aspect  of  the  pons,  nearer  its  upper  than  its  lower 
border.  The  anterior  pyramids  seem  to  enter  the 
pons  from  below,  and  emerge  above  the  pons,  where 
tliey  become  lost  in  the  crura  cerebri. 

In  a  transverse  section  the  pons  presents  the  fol- 
lowing parts: 
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I.  White  matter. 

1.  Transverse  fibers — (a)    superficial,    (b) 
deep  (trapezium). 

2.  Longitudinal  fibers — (a)  superGdai  (an- 

terior pyramids),  (6)  deep. 

3.  Posterior  longitudinal  bundle. 

4.  Fibers  of  fifth,  sixth,  seventh,  and  eighth 

cranial  nerves. 

5.  Pormatio  reticularis. 

6.  Median  raphe. 

7.  Fillet— mesial  and  lateral. 

II.  Gray  matter. 

1 .  Nucleus  pontis. 

2.  Superior  olive. 

3.  Nuclei  the  origin  of  fifth,  sixth,  seventh, 

and  eighth  cranial  nerves. 

Transverse  Fibers. — The  superficial  and  the  deep- 
set  of  transverse  fibers  of  the  pons  pass  into  the  cere- 
IwlUnii  tlirough  the  middle  peduncle.  Some  of  the 
("iIkts  are  coiimiissural  between  the  two  halves  of  the 
cort'bolhini,  while  others  connect  with  the  nuclei 
pontis  on  the  same  side  or  the  opposite  side.  In  the 
lower  jwrtioii  of  the  pons,  near  the  medulla,  the  deep- 
set  are  called  the  trapezium,  on  account  of  their 
trapezoid  arrangement. 

I.ontjilinlitial  Fibers. — The  superficial  set  repre- 
sents mostly  longitudinal  bundles  of  the  anterior 
pyramids  that  hiterlace  the  transverse  fibers.  The 
deep-set  are  near  the  dorsal  aspect  of  the  pons  and 
comprise  at  least  tliree  groups:  (i)  the  posterior 
lontiiludinal  bundle  near  the  median  raphe  in  which 


THE    BRAIN. 


397 


»■%, 


are  found  fibers  from  the  antero- lateral  column  of  the 
cord;  (2j  the  lemniscus  or  jiUel,  a  continuation  of  the 
sensory  decussation;  (3J  the  fasciculus  teres,  just 
dorsal  to  the  poter'or  lon^'tud'nal  bundle  and 
which  contain  hbcrs  of  tl  e  w.       th    ran  al  nerve. 

Fibers  of  tie 
cranial  nerves  pa  s 
through  the  medulla 
from  their  nucle  n 
the  dorsal  po  t  on 
to  their  various  su 
perficial  exits  on  U  e 
ventral  surface 

The  jormatto  re 
ticularis  is  sin  U 
to  that  describe  1  n 
the  medulla.  Th 
median  raphe  is  also 
a  continuation  of 
that  described  n 
the  medulla. 

Gray  Mailer  j  tl  e 
Pons.  — The  nuclei 
poniis  are  nerve  cells 
that  are  scattered 
among  the  superficial  transverse  fibers  and  are  tiodal 
points  forming  connections  between  the  medulla, 
cerebellum,  and  higher  brain  centers.  The  superior 
olive  lies  in  the  formatio  reticularis  and  is  seen  only 
in  the  lower  portions  of  the  pons.  The  nuclei  of  the 
cranial  nerves  are  found  in  the  dorsal  aspect,  most 
of  them  just  beneath  the  floor  of  the  fourth  ventricle, 


Fig.  374. — Section  through  the  hu- 
man  cerebellar  cortex  verlical  (ci  the  sur- 
fare  of  the  convolution.  Treatment  with 
Mailer's  fluid  tBOhm  and  Davidoff), 


I 

1 
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THE  CEREBELLUM. 
The  cerebellum  is  uexl  in  size  to  the  cerebrum  am 
overlies  the  fourth  ventricle.  It  is  characterized  hyi 
transverse  cur\'ecl  sulci  which  divide  it  into  lainellf, 
giving  the  organ  a  foliate  appearance.  A  cross  sec- 
tion of  the  lamellse  sliows  a  zntral  core  of  while 
matter  %vith  a  gray  cortex,  g  I'ing  the  section  the 
appearance  of  a  branching  tree,  lenee  the  name  arbor 
viUB.  A  section  taken  in  tins  plane  presents  the 
following  layers : 

1^  Molecular  layer — on  the  outside, 
(i)  Small  cortical  cells. 

(2)  Stellate  cells. 

(3)  Cells  of  Purkinjc. 

2.  Granular  layer, 

(i)  Granular  cells. 

(2)  Large  stellate  cells. 

3.  Medullary  substance — core  of  nerve  fibers. 

(i)  Centrifugal  neuraxes  from  Purkinje  cells. 

(2)  Centripetal  neuraxes. 

(a)  Mossy  fillers. 
{>>)  Climbing  fibers. 

(3)  A  few  ganglion  cells  forming  the  central 

gray  nucleus. 

Molecular  Layer. — The  small  cortical  cells  are  M 
found  in  all  parts  of  this  layer,  but  more  especially 
near  its  periphery,  Tliey  are  multipolar  cells  and 
but  little  is  known  of  the  distribution  of  their  neu- 
raxes. The  stcUiile  cells  are  evenly  distributed,  and  c' 
particular  interest  are  their  neuraxes.  The  latter  pos- 
sess two  types  of  collaterals.  One  set  forms  branches 
among  the  cortical  cells,  while  a  second  class  branches 
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at  a  level  with  the  Purkinje  cells,  where  it  fon 
basket-like  net  around  the  bodies  of  these  cells.  The 
cells  of  Purkinje  are  the  largest  nerve  cells  in  the  liody 
(about  6o/(  ill  diameter  or  seven  times  the  diameter 
of  a  red  blood-corpuscle).  They  form  a  single  row 
of  cells,  placed  with  considerable  regularity  some 
distance  apart,  along  the  inner  margin  of  the  molec- 
ular layer.  Their  neuraxes  arise  from  the  basal 
end  of  the  cell  hody  and  extend  through  the  granular 
layer  and  enter  the  medulla  as  the  centripetal  fibers. 
The  other  extremity  of  the  cell  body  passes  into  one 
or  more  prominent  dendrites  that  arise  toward  the 


periphery  of  t  he  cerebellum ,  These  dendi 
branch  freely  in  one  plane,  like  an  ivy  grow 
against  the  wall,  and  this  plane  is  always  at  t" 
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anfjles  to  the  iamellse  of  the  ccrebelhim,  and  therefore 
sections  of  the  cerebellum  should  be  made  in  this 
plane. 

Granular  Layer.^This  layer  is  densely  packed 
with  nerve  cells  of  two  varieties.  The  granular 
cells  are  most  numerous,  small,  and  have  only  a  few 
dendrites  that  end  in  hook-like  telodcndria.  The 
neuraxes  from  these  cells  pass  vertically  into  the 
molecular  layer,  where  many  of  them  form  a  T- 
shaped  division,  the  two  end  branches  passing  par- 
allel with  the  iaminie  and  therefore  into  a  plane 
vertical  to  that  of  the  den- 
drites of  the  Purkinje  cells. 
Large  stellate  cells  form  the 
second  variety  of  this  layer. 
They  are  few  in  number 
and  lie  close  to  the  mo- 
lecular. Their  dendrites 
branch  in  all  directions  and 
their  neuraxes  form  telo- 
dendria  among  the  granu- 
lar cells. 

The  medullary  substance 
may  be  divided  into  reiilri- 
petal     libers— those     that      .    Fig      277.-Cranular     crll 
'^  '  ,  from    Ihe    granular    layer    ol 

carry  nerve  impulses  toward      Ihc  human   cercbtllar   cancx. 

the  granular  and  molecular  J'XVSol).  """'"'  """"° 
layers,  and  centrifugal  fibers; 

those  that  carry  impulses  in  the  opposite  direction. 
The  latter  are  the  neuraxes  of  the  cells  of  Purkinje. 
The  centripetal  fibers  are  the  mossy  fibers,  that  form 
mossy  tclodendria  in  the  granular  layer,  and  also  so- 
called  climbing  fibers  that  pass  through  the  granulai  j 


FiR.    r7S.-Ponions   ..f    v.-niral   s.-.li.in   .'I    hum^in 
treau-d  bv  the  (inlgi  uii'lhmi.     Tlir  liKuri^  sluiWs  ihc  aiTant;in 
diflerenl  idU  uf  ihv  coreUrjl  cortex  (SutxKLa). 
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layer  and  connect  with  the  dendrites  of  Purkinje 
cells,  up  which  they  seem  to  climb.  Collaterals  are 
given  off  in  their  passage  through  the  granular  layer. 
The  central  gray  nucleus  forms  the  central  core  of 
each  lateral  cerebellar  hemisphere.  It  forms  a  cap- 
sule of  gray  matter  from  whose  hilum  many  nerve 
fibers  pass,  the  majority  to  enter  the  superior  cerebel- 
lar peduncle. 

THE  CEREBRAL  CORTEX. 

The  cerebrum  is  such  an  extensive  and  complicated 
organ  that  only  a  description  of  the  cortex  in  the 
region  of  the  fissure  of  Rolando  will  be  given  here. 
From  without  inward  this  region  presents,  rather 
indistinctly,  the  following  layers;  (t)  molecular 
layer;  (2)  small  pyramidal  cells;  (3)  large  pyr- 
amidal cells;  (4)  polymorphic  cells;  (5)  medullary 
substance  of  nerve  fibers.  It  is  to  be  borne  in  mind 
that  this  cortex  presents  many  fissures  and  minor 
folds  into  which  the  pia  dips,  and  that  a  transverse 
section  is  any  plane  tliat  is  vertical  to  the  folded 
surface, 

1,  The  molecular  or  outer  layer  is  composed  chiefly 
of  nerve  fibers  which  interlace  in  all  directions  but 
which  have  chiefly  a  direction  parallel  to  the  external 
surface.  The  chief  dendrite  of  the  pyramidal  cells 
terminates  in  this  layer  in  tuft-like  telodendria,  and 
also  ascending  neuraxes,  mostly  from  the  polymor- 
phous cells.  The  cells  of  this  layer  are  few,  and  have 
been  described  as  polygonal,  spindle-shaped,  and 
triangular,  or  stellate,  Their  neurons  are  nearly  all 
confined  to  this  layer,  the  axones  of  only  a  few  reach 
down  to  the  deeper  layers. 


f*»  m~  htm  pfntMii  »«*  row  «>  &«>« 


IflV***""  N  IMfMtlN'r  ftf  Itfiimlirii  lliat  end  in  tcmitna]       i 

MHtllflH-tin  lil<>'l<ii(ttlu  In  Ili"r>ii<(-rlav<-r.  frequently  JH 
tit  tfu>  litiiUl  mtHtm:*!,     fk-wml  mliuti  dendrites  arise 
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from  the  basal  surface  of  the  cell  body  where  also  i 
the  axone  is  attached.  The  latter  passes  toward 
the  medullary 
substance,  and 
near  the  cell 
body  is  pro- 
vided with  col- 
laterals that 
coniit'ct  w  i  t  h 
adjacent  ncu* 
rons. 

The  layer  of 
large  pyramidal 
cells  comprises 
a  broad  ana. 
The  cells  meas- 
ure zo/ito  3n" 
in  diameter,  til- 
ing twice  as 
large  as  thosi' 
of  the  preced- 
ing layer.  In 
all  other  re- 
spects the  cell-. 
of  this  layer  re- 
semble the 
small  pyram- 
idal cells. 
Their  dendrites 
and  axones  also  occupy  the 
of  the  preceding  layer, 

4.  The  layer  of  polymorph 


f  Lyu 


il  (l:, 


giiiliiill  Cbets;  6,  striaiion  of  HtilUtrcll-Kaes; 
e,  layer  of  small  pyramidal  t-cils;  d,  gtripe  o( 
BaillargFr;  e,  radial  Lumllra  •>[  Ihe  mi^ilullanr 
Eulistance;  /,  layer  of  polymorjihuus  celfs 
(Bohm  and  DavidtjH), 


'  relation  as  those 
Is  usually  includes 


4o6 

a  f ew  large  pjrramidal  odls,  and  it  is 

from  the  preceding  laj^er.    There  is 

layer:  (i)  mi]ltqx>lar  cells  with  sSurt: 

cells)  whose  dendrites  project  in  all 

(2)  odls  with  slightly  branched  dendrites  and  with 

neuraxes  passing  toward  the  snrfaoe  of  tbe  fanain 

where  they  terminate  in  the  molecnlar  outer  layer. 

and  vary  considerably  in  size. 

5.  The  medullary  substance  is  composed  of  a  mass 
of  nerve  fibers  that  take  aradial  coarse  and  in  winch 
we  can  detect  no  structural  difference.  Phj-sio- 
logically,  however,  we  can  divide  them  into  foor 
classes  as  follows :  i «  projecting  or  centrifugal  fibers 
which  indirectly  connect  the  cerebral  elements  with 
the  periphery  of  the  body ;  that  is,  they  carrj'  im- 
pulses away  from  the  nerv'e  center;  2,  commissural 
filKTs  that  connect  corresponding  parts  of  the  two 
ctTebral  heniisfiheres  through  the  corpus  callosum; 
3,  ass^xriation  filxrrs  that  connect  different  parts  of 
t  he  same  hemisphere ;  4,  centripetal  fillers  or  terminal 
filx-rs, — those  that  come  from  cell  Ixxlies  in  the  same 
or  I  hi*  opiM>sile  hemisphere,  or  in  some  more  distant 
nerve  eenter,  and  that  ultimately  arborize  about 
nerve  elements  in  the  cerebral  cortex.  In  a  strict 
s(*nse  the  second  and  the  third  class  fall  under  either 
the  centrifugal  or  the  centripetal  group. 

THE  NEUROGLIA. 
Till*  neuroglia  tissue  represents  a  special  form  of 
supporting  elements  found  exclusively  in  the  central 
nervous  system  and  in  the  retina.     It  develops  from 
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the  ectoderm  while  all  other  supporting  tissues  are 
derived  from  the  mesoderm.  The  development  of 
neuroglia  cells  is  closely  associated  with  the  origin  of 
neurons,  as  both  are  derived  from  epithelial  cells  that 
He  primarily  near  the  central  canal  of  the  nervous 
system.  The  embryonic  neuroglia  cells  are  called 
spongioblasts,  while  those  that  develop  into  true 
nerve  elements  are 
called  neuroblasts. 
Both  kinds  pass  out 
very  early  and  per- 
manently lodge  in 
the  gray  matter. 

The  neuroglia  ele- 
ments appear  as 
cells  with  many  ra- 
diating, slenderpro- 
cesses  that  are  usu- 
ally  unbranched, 
and  because  of 
their  peculiar  ap- 
pearance have  been 
called  spider  cells  OT 
mossy  cells,  or  aslro- 
cyles.  The  cell 
bodies  contain  but 
very  little  protoplasm,  and  their  shape  is  modi- 
fied according  to  their  surroundings,  being  triangu- 
lar, or  quadrangular,  or  polyangular,  the  protoplas- 
mic processes  arising  from  their  angles.  According 
to  the  length  of  their  processes  attempts  have  been 
made  to  classify  them  as  short-rayed  astrocytes,  pos- 


Fig.  iBi.- 
Bpinal  cord  of  embryo  cs 
of  aduU  cat;  slaincd 
(Hubcr). 


cells:  a,  from 
h,  from  brain 
chrome-aUver 
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sessing  a  few  short  processes,  and  long-rayed  astro- 
cytes, having  many  long,  slender  processes.  The 
former  appear  among  the  nerve  cells  only,  the  latter 
arc  found  both  in  the  gray  and  the  white  matter. 


Fig.  2i>?. — Tvpiral  rn^uroglia  ri-IIs.  fnmi  (  n»ss  set  tin n  of  thr  white  mat- 
ter of  the  human  spinal  tord,  staine<I  after  Hencla's  selective  neuroglia 
tissue    staining    nieth<Ml     (IIuIh.t,    "Studies    on    Neuroglia    Tissue, 
Vaughan  Festschrift,  1903). 


»i 


Not  infrequently  detached  processes  may  be  found 
and  processes  that  can  be  traced  directly  through 
the  lx)dies  of  adjacent  astrocytes.  The  neuroglia 
thus  forms  a  delicate  web-like  fabric  that  interlaces 


THE   BRAIN. 


409 


Ihe  whole  central  nervous  system,  to  which  it  gives 
substance  and  support.  It  is  to  be  remembered  that 
supporting  tissue  of  mcsodermic  origin  does  the  same 
thing,  especially  in  the  cord.  The  connective-tissue 
elements  usually  accompany  the  nutrient  blood- 
vessels. 


BLOOD-VESSELS  OF  THE  CENTRAL  NERVOUS  SYSTEM. 

The  spinal  cord  receives  its  blood  supply  from  a 
plexus  of  blood-vessels  in  the  pia  mater.  There  is  an 
anterior  median  artery  just  in  front  of  the  anterior 
fissure.  Some  two  hundred  branches  from  this 
vessel  pass  at  right  angles  directly  into  the  fissure 
and  enter  the  gray  matter,  where  each  divides  into 
a  right  and  left  branch  that  enclose  the  central 
canal.  ICach  arterial  branch  ultimately  bifurcates, 
just  in  front  and  external  to  the  cell  column  of 
Clarke,  forming  minute  ascending  and  descending 
terminals,  which  become  lost  in  an  extensive  capil- 
lary system  of  the  central  gray  matter.  The  white 
matter  receives  its  blood  supply  from  a  plexus  of 
vessels  situated  on  the  dorsal  and  lateral  surfaces  of 
the  cord.  From  this  system  small  branches  enter 
the  cord  anywhere  and  form  capillaries  among  the 
nerve  fibres;  that  is,  supplies  blood  to  the  white 
matter.  The  gray  matter  lias  a  more  liberal  blood 
supply  than  the  white  matter. 

The  brain  substance  also  receives  its  blood  supply 
from  a  plexus  of  blood-vessels  in  its  pia.  The  capil- 
laries are  particularly  numerous  and  closely  meshed 
wherever  the  nerve  cells  are  segregated,  that  is, 
in  the  ganglion  centers.     In  the  cerebellum  the  gran- 
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ular  layer  is  the  most  vascular.  The  arterioles  have 
thin  walls,  and  in  old  age  may  become  brittle  and 
may  easily  rupture. 

No  lymphatic  vessels  with  definite  walls  have  been 
discovered  in  the  central  nervous  system.  The 
blood-vessels  are,  however,  surrounded  by  peri- 
vascular spaces  which  probably  function  as  lymph 
channels. 


ave     1 


CHAPTER  XIV. 
THE  EYE. 


The  eyes  begin  to  develop  during  the  fourth  week 
of  embryonic  life,  and  appear  then  as  a  pair  of  lateral 
evaginations  of  the  fore-brain.  A  pair  of  vesicles 
are  thus  formed  called  the  primary  optic  vesicles. 
When  the  latter  reach  the  ectoderm  an  invagination 
of  these  vesicles  takes  place,  like  pushing  in  one 
side  of  a  hollow  rubber  ball.  The  cavity  of  the 
primary  optic  vesicle  becomes  obliterated  by  this 
process,  and  a  new  vesicle  forms,  called  the  secondary 
optic  vesicle.  It  will  be  observed  that  the  cavity  of 
this  vesicle  is  practically  the  same  as  would  be  pro- 
duced by  an  invagination  of  the  brain  wall.  Later 
it  will  be  seen  that  this  cavity  corresponds  to  the 
space  occupied  by  the  vitreous  humor  of  the  adult 
eye,  while  its  wall  becomes  the  retina.  The  stalk 
that  connects  this  vesicle  to  the  brain  is  the  optic 
stalk,  in  which  later  optic  nerve  fibers  appear. 

At  the  time  the  secondary  optic  vesicle  is  forming 
there  is  a  disc-like  thickening  of  the  adjacent  ecto- 
derm, which  soon  invaginates  and  becomes  con- 
stricted as  an  ectodermal  vesicle.  This  is  the  lens, 
which  later  takes  a  position  at  the  mouth  of  the 
secondary  optic  vesicle.  The  latter  presents,  at  this 
stage,  a  fissure  in  its  ventral  surface  called  the  cho- 
roid fissure.     Connective-tissue  cells  migrate  through 
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this  fissure  ixnd  fill  the  cavity  of  the  secondary  vesici 


Fig.  sSi  —Part  of  a 
embryo  show  ng  he  o 
fore-bra  n  (H  / 

primary  op      vesi     s. 


Parly  human 
«i.-lea  mth  Iht 
rl  nl  fore-brain 
■phulun;    f.ov.. 


Fig.  S84. — Three  successive  stages  of  development  of  the  eye,  £ 
formalinn  (if  serondary  optic  cup  anil  crystotlinr  lens  in  human  ci 
t,{  4  mm.  {A),  6  mm.  lB).md»mm.{C)  (Toumeux):  a.a.pt 
optic  vcsiries;  i.  externnl  Inyer  of  serondary  optic  cup  (future  p^ 
jnyrrnf  reiinu);  e,  inner  luyer of  rup  (rclinn  proper);  d,  lens  pit  (1 
ened  on<l  drpreaseil  cclodcrm);  *■,  lens  vesicle. 


These  cells  form  ihe  vilreous  hu 


',  while  the  choroid 
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nssure  closes  and  permanently  disappears.  The  ex- 
ternal coats  of  the  eye — that  is,  the  sclera  and  the 
choroid — develop  from  the  surrounding  connective 
tissue. 


Fig.  185. — Plastic  ri[>rcsi'iil;iliiin  iif  ihcuptic  tup  wilh  lens  anrt  vilre- 
ous  boily  ("Hcrtwig):  ah.  Oulet  wall  uS  fhc  cup;  16,  ks  inner  wall;  h, 
cavily  between  the  two  walls,  whirh  later  disappear^  entirely;  Sn,  fun- 
dament of  the  oplic  nerve  (stalk  of  the  nptic  vesicle  with  a  furrow  on 
its  lower  surface);  aui,  oplic  (choroid)  fissure;  gt,  vitreous  body;  /,  lens. 

The  parts  of  the  adult  eyeball  may  be  tabulated  as 
follows ; 

I.  Tunica  externa. 

1.  Sclera. 

2.  Cornea. 
II.  Tunica  media. 

1.  Choroid  coat. 

2.  Ciliary  body. 

3.  Iris. 
III.  Tunica  Interna. 

1.  Retina, 

2.  Pigment  membrane. 

The  refracting  media,  or  transparent  media  of  the 
eye  traversed  by  a  ray  of  light,  are : 
I.  The  cornea. 
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2.  Aqueous  humor. 

3.  Lens. 

4.  Vitreous  humor. 

TUNICA  EXTERNA. 

J.  The  sclera  is  a  dense  connective-tissue  covering 

of  the  eye  that  terminates  anteriorly  in  the  cornea. 

It  is  of  interest  to  note  that,  in  birds  of  prey,  homy 

plates  develop  in  the  sclera  for  the  better  proleotion* 


Fig.  186.— Diagram  o(  the  eye. 


of  the  eye.  Posteriorly  the  sclera  is  perforated  by 
the  entrance  of  the  optic  ner\'e.  Connective-tissue 
fibers,  known  as  the  lamina  cribrosa,  pass  across  this 
point  and  interlace  the  optic  fibers,  while  others 
sweep  backward  along  the  optic  nerve  as  its  external 
envelope. 

The  sclera  consists  of  interlacing  bundles  of  con* 
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oective-tissue  fibers  closely  felted  together.  The 
tendons  of  the  ocular  muscles  are  continuous  with 
the  scleral  fibers.  The  external  scleral  surface  is 
clothed  with  a  layer  of  flattened  endothelial  cells 
which  belong  to  the  capsule  of  Tenon.  The  latter  is 
a  loose  connective -tissue  fabric  that  invests  the  eye- 
ball, and  is  so  intimately  connected  with  the  eye 
muscles  that  coordinate 
movement  of  the  arti- 
ficial eye,  or  glass  shell, 
is  made  possible  after 
the  enucleation  of  an 
eye-  Pigmentation  is 
regularly  present  at  the 
corneal  margin  and  the 
surface  next  to  the 
choroid.  This  inner 
pigmented  scleral  sur-  .i.^'J'^'^-  '-^4 
face  is  lined  by  a  layer  ■  =:,  '^  iC'-^?C' 
of  flattened  endothelial 
cells,  forming  a  sepa- 
rate membrane  and 
called  by  some  the  1am- 

jtia    jUSCa  :     generally,     llg.  -B;.— Sctlion  □[  Ihc  cumea  of  ihe 

however,  it  is  regarded  '^^'^' 

as  the  outermost  layer 

of  the  choroitl  and  known  as  the  lamina  choroidea. 
2.  The  Cornea.— The  cornea  is  inserted  into  the 
sclerocorneal  junction  in  which  is  foimd  an  annular 
venous  sinus,  the  canal  0}  Schlemm,  which  may  ap- 
pear as  a  single  canal  or  as  several  canals.  The 
cornea  is  a  perfectly  transparent  medium  and  free 


from  red  blood  corpuscles,  the  nearest  blood  supply 
being  that  of  the  sclerocorneal  margin  in  the  region 
of  the  canal  of  Schlemm, 

Histologically  the  cornea  is  made  up  of  five  layers: 
I,  the  anterior  epithelium;  2,  the  anterior  elastic 
membrane,  or  Bowman's  membrane;  3,  the  ground 
substance,  or  substantia  propria;  4,  Descemet's 
membrane;  5,  the  endolhelium  of  Descemet's 
membrane, 

Tht  corneal  epithelium  is  of  the  stratified  squamous 
variety,  a  little  thicker  near  the  corneal  margin  than 
at  its  center  and  in  the  human  eye  is  composed  of  five 
layers  of  cells.  It  is  related  to  the  epidermis  of  the 
skin,  the  cells  being  provided  with  short  prickles 
that  are  very  difficult  to  demonstrate.  This  epithe- 
lium forms  an  efficient  and  important  protection  to 
the  front  of  the  eye.  The  anterior  elastic  membrane 
measures  8  ^  in  thickness,  about  the  width  of  a  red 
blood  corpuscle,  and  becomes  thinner  towards  the 
sclerocorneal  junction.  It  is  a  compact  layer  of  con- 
nective-tissue fibrils  and  is  regarded  by  some  as  a 
basement  membrane  to  the  overlying  epithelium. 
Nerve  fibers  penetrate  this  membrane  to  connect 
with  the  corneal  epithelial  cells.  The  substantia 
propria  constitutes  the  bulk  of  the  cornea.  It  con- 
sists of  bundles  and  lamellae  of  connective-tissue 
fibrils,  and  peculiarly  flattened  cells  called  corneal 
corpuscles.  The  fibrils  of  each  lamella  are  cemented 
together  and  run  parallel  to  each  other  and  to 
the  corneal  surface,  but  so  arranged  that  thoseof  ad- 
jacent lamella  cross  at  an  angle  of  about  twelve 
degrees. 

The  lamellae  are  also  cemented  to  each  other.   The 
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corneal  cells  have  irregular  processes  and  He  in  special 
cavities  called  corneal  spaces,  in  which  are  also  found 
a  varying  number  of  leucocytes.  These  spaces  seem 
to  be  part  of  a  complicated  lymphatic  system,  and 
communicate  with  each  other  by  means  of  a  complex 
system  of  canals.  While  blood  does  not  irrigate  the 
cornea,  lymph  does,  freely  and  extensively.  The 
posterior  elastic  or  Descemct's  membrane  resembles  the 


anterior  elastic  membrane,  and  may  be  separated 
into  shreds  of  fine,  elastic,  connective-tissue  fibrils. 
The  endothelium  of  Descemet's  membrane  is  com- 
posed of  low,  hexagonal  cells  forming  a  single  layer. 
It  will  be  found  that  Descemet's  membrane  with  its 
investing  cndotheHum  is  reflected  to  form  the  an- 
terior layer  of  the  iris,  enclosing  therefor  the  anterior 
portion  of  the  aqueous  chamber. 
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■nJNICA  MEDIA. 
I.  The  Choroid  Coat. — The  choroid  is  the  vascular 
tunic  of  the  eye,  and  may  be  divided  into  four  layers. 
From  without  inward  these  are  named:  i,  lamina 
suprachoroidea ;  2,  lamina  vasculosa  Halleri ;  3, 
lamina  choriocapillaris ;  4,  glassy  layer,  or  vitreous 
membrane.     This  entire  tunic  is  derived  from  the 


mesoderm  and  is  lurytly  coiiiixjsifd  ol  connective- 
tissue  elements. 

The  iMinina  Suprachoroidea. — This  layer  is  closely 
applied  to  the  sclera,  and  is  composed  of  a  loose 
fabric  of  areolar  tissue  in  whose  meshes  are  con- 
nective-tissue cells  and  lymph  spaces  lined  with 
endothelium,  known  as  pen'ikontml  lymph  spaces. 
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Pigaient  cells  arc  also  present.  The  lamina  vascu- 
losa  is  the  broadest  layer  and  is  also  composed  of 
areolar  tissue.  The  blood-vessels  constitute  its 
principal  portion,  and  they  are  so  distributed  that  the 
larger  ones,  the  veins,  occupy  its  outer  portions. 
The  lamina  chorwcapillaris  consists  chiefly  of  capil- 


CiM/  "f  &hU- 


■Rcrlicin  Ihrniigh  the  ciliary  body. 


lary  vessels  that  are  particularly  abundant  in  the 
region  of  the  macula  lutea,  or  yellow  spot  of  the 
retina.  In  other  respects  this  layer  resembles  the 
lamina  supra choroidea,  except  that  pigment  cells 
are  absent.  The  glassy  or  vitreous  membrane  is  but 
2  /(  thick,  homogeneous,  clothes  the  inner  choroid  J 
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surface,  and  also  forms  a  lining  membrane  against 
which  the  pigment  cells  of  the  retina  are  applied. 

2.  The  Ciliarj  Body. — The  ciliary  body  is  that  por- 
tion of  the  tunica  media  extending  between  the  ora 
Rerrata  of  the  retina  and  the  base  of  the  iris.  On  the 
inner  surface  of  this  body  there  are  about  seventy 
meridional  folds  called  the  ciliary  processes.  Seoind- 
ary  fold^  and  processes  appear  on  and  between  the 
primary  folds,  while  the  whole  surface  is  clothed 
with  two  rows  of  epithelial  cells,  the  pars  ciliaris 
retina:  Of  these  the  outer  layer  is  deeply  pig- 
mented and  represents  the  outer  layer  of  the  second- 
ary optic  vesicle,  while  the  inner  layer  is  non- 
piRmentcd  and  develops  from  the  inner  layer  of  the 
optic  vesicle.  The  greater  bulk  of  the  ciliary  body 
is  inatlc  up  of  smooth  muscle  tissue  called  the  ciliary 
muscle,  or  viusclc  of  accommodation.  This  muscle 
may  be  divided  into  three  portions.  The  outer  por- 
tion is  made  up  of  meridional  fibers.  The  middle 
division  of  mdial  fibers  have  their  origin  near  the 
canal  of  Sclileniiii,  from  which  they  spread  out  like 
a  fan.  The  inner  portion  is  near  the  base  of  the  iris 
and  the  fibers  are  circular.  The  combined  action  of 
these  fibers  is  to  pull  the  choroid  coat  forward  and 
inward  and  thus  slacken  the  tension  on  the  suspen- 
sory ligament  of  the  lens,  as  this  ligament  joins  with 
the  epithelial  colls  of  the  ciliary  I)ody  as  well  as  with 
the  hyaloid  membrane  that  encloses  the  vitreous 
humor.  Under  this  condition  the  lens  becomes 
more  convex  and  the  eye  is  focused  to  near  objects. 

3.  The  Iris. — The  iris  is  a  pigmented  circular  cur- 
lain  that  occludes  the  rays  of  light  from  the  periphery 
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of  the  lens.  The  circular  opening  in  the  iris  is  the 
pupil.  Three  layers  may  be  recognized- in  the  iris, 
enumerated  from  before  backward,  as  follows:  i 
anterior  endothelium;  2,  stroma  with  sphincter 
muscle;  3,  pigment  epithelium,  or  pars  iridica  retina;. 
The  anterior  endothelium  is  a  single  layer  of  cells  that 
is  continuous  with  the  posterior  endothelium  of  the 
cornea.  The  stroma  forms  the  bulk  of  the  iris  and 
is  very  vascular  and  muscular.  Large  pigment  cells 
are  present  and  a  hne  reticular  tissue.  Smooth 
muscle  fibers,  the  sphincter  muscle  of  the  pupil, 
encircle  the  pupil.  Along  the  posterior  surface 
radial  fibers  probably  function  as  a  dilator  muscle 
of  the  pupil.  The  posterior  epithelium,  or  pars 
iridica  ciliaris,  is  a  direct  continuation  of  the  pars 
ciliaris  retinje  and  extends  to  Ihe  margin  of  the  pupil. 
It  is  composed  of  two  layers  of  cells  and  both,  in  this 
case,  are  pigmented. 


TUNICA  INTERNA. 
The  inner  tunic  is  the  retina  of  the  eye,  which  may 
be  divided  into  ten  layers,  named  from  within  out- 
ward as  follows : 

1.  Internal  limiting  mendjrane. 

2.  Layer  of  nerve  fibers. 

3.  Ganglion  cell  layer. 

4.  Inner  molecular  layer, 

5.  Inner  nuclear  layer. 

6.  Outer  molecular  layer. 

7.  Outer  nuclear  layer. 

8.  External  limiting  membrane 

9.  Kods  and  cones. 
10.  Pigment  layer. 
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(l)  The  internal  limiting  membrane  is  a  very  deli- 
cate homo.<<eneou  s  layer  formed  by  lateral  expansions 
of  processes  of  neuroglia  elements.  It  is  closely  ap- 
plied to  (2)  the  optic  nerre  fibers.  The  latter  are  non- 
medullatcd  and  radiate  toward  the  entrance  of  the  op- 
tic  ner\-c,  composed  of  both  centrifugal  and  centrip- 
etal axones.  The  latter  arise  from  (3)  the  ganglionic 
cells,  that  are  irregularly  distributed  along  the  inner 
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border  of  the  ri'tiiia.  These  cells  arc  hirge,  multi- 
polar,  and  their  den<lri(es  extend  outward  and  con- 
triliiite  to  the  substance  of  (4)  the  inner  molecular 
/iiycr.  The  latter  is  a  network  of  ncuro<;ha  fibrils 
and  nerve  processes,  contributed  in  part  by  the  cells 
of  (5)  the  iiiiivr  miclcur  Inyvr.  This  layer  is  com- 
|X)se<l  of  several  rows  of  iiuelealed  cells  of  which  some 
are  sustentaeular,  or  neuro-^lia  elements,  some  bi- 
polar gan.s^dion  cells,  and  others  niultiiK)lar  gaiiylion 
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cells  situated  in  the  outer  region  of  this  layer  and 
expanding  in  a  horizontal  direction.  (6)  The  outer 
molecular  layer,  like  the  inner  molecular,  is  a  net- 
work of  fibrils,  processes  from  all  the  ganglion  cells 
of  the  retina  and  also  neuroglia  elements.  The  ex- 
ternal portion  of  this  molecular  layer  is  not  so  densely 
packed  with  fibrils  and  has  been  called  Henle's  fiber 
layer.  (7)  The  outer  nuclear  layer  is  composed  of 
many  compact  rows  of  nuclei  and  is  the  most  con- 
spicuous layer  in  stained  sections  of  the  retina.  The 
cell  bodies  enclosing  most  of  these  nuclei  are  the 
visual  units  of  the  eye  and  are  called  rod-vistuil  and 
cone-visual  cells,  as  the  rods  and  cones  are  merely 
processes  of  these  cells.  The  cells  arc  elongated  units 
whose  long  axis  is  placed  radial  to  the  eye,  and  whose 
multiple  processes  enter  the  outer  molecular  layer 
as  already  mentioned.  The  cone-visual  cells  are 
least  numerous  and  their  nuclei  are  placed  at  regular 
intervals  in  the  outer  portion  of  the  layer.  Their 
nuclei  are  somewhat  larger  than  the  nuclei  of  the 
other  cells.  Rod-like  neuroglia  elements  give  sup- 
port to  the  visual  cells.  (8)  The  external  limiiing 
membrane  invests  the  outer  nuclear  layer.  It  is  a 
thin,  transparent,  homogeneous  membrane,  derived 
from  the  neuroglia  tissue,  and  forming  a  dividing  line 
between  the  rods  and  cones  and  the  outer  nuclear 
layer,  (q)  The  rods  and  cones  arc  processes  from  the 
visual  cells  whose  nuclei  form  the  bulk  of  the  outer 
nuclear  layer.  The  rods  are  40  ft  to  50  /<  in  length, 
and  consist  of  two  segments,  the  outer  being  doubly 
refractive  to  light,  and  may  be  separated  into  numer- 
ous transverse  discs  by  the  action  of  certain  reagents. 
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The  inner  segment  shows  a  superficial 
striation,  due  to  impressions  from  fiber  baskets  of  the 
neuroglia  network.    The  cone  is  15  /^  to  25  /<  long 
and  its  inner  segment  considerably  broader  than  the 
rod.    The  rods  are  more  numerous  than  the  cones, 
three  or  four  of  the  former  intervening  between  two 
of  the  latter.     (10)  The  pigment  layer  forms  a  com- 
pact background  to  the  rods  and  cones.     It  consists 
of  hexagonal  cells  that  contain  black  pigment  gran- 
ules.  The  inner  surfaces  of  t  hese  cells  possess  thread- 
like filaments  that  interlace  between  the  rods  and 
cones.    The  nuclei  of  these  cells  lie  in  the  outer  ends 
of  these  cells,  the  so-called  basal  plates,  and  are  not 
pigmented.  -  The  granules  are  mobile  and  their  dis- 
tribution in  the  cells  varies  according  to  the  illumi- 
nation of  the  retina.     In  strong  light  the  pigment  is 
evenly  distributed  throughout  the  cytoplasm,  while 
in  weak  light  it  is  collected  at  the  outer  portion  of 
each  cell.     This  single  row  of  pigment  cells  represents 
the  outer  layer  of  the  primary  optic  vesicle,  while 
the  other  nine  layers  of  the  retina  develop  from  the 
inner  layer  of  this  vesicle. 

The  neuroglia  elements  of  the  retina  differ  from 
those  of  the  brain  in  that  they  form  radial  sustentac- 
uhir  fibers,  called  fibers  of  Miiller,  which  penetrate 
the  retina  to  the  rods  and  cones.  Each  filx?r  repre- 
sents a  modified  epithelial  cell  which  terminates  in 
basal  plates,  the  latter  forming  the  limiting  mem- 
branes of  the  retina.  The  end  plates  that  form  the 
external  limiting  membrane  give  off  externally  short, 
inflexible  fibrils,  which  form  fiber-baskets  enclosing 
the  basilar  portions  of  the  rods  and  cones.     The 
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bodies  of  Miiller's  fibers  are  very  plastic  and  adjust 


themselves  to  the  pressure  exerted  .by  the  various 
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dements  that  constitute  the  different  layers  of  the 
retina  through  which  tbey  pass. 

In  certain  areas  (d  the  retina  there  are  peculiar- 
ities that  differ  from  the  above  description.  These 
areas  are:  (i)  the  macula  lutea,  or  yellow  spot; 
(2)  the  optic  papilla,  or  blind  spot;  (3)  the  ora  ser- 
rata;  (4)  the  pars  ciliarisretinee;  (5]  the  pats  iridica 
rvtinae. 

I.  Tlie  macuia  lulea,  or  yellow  spot,  is  a.  crater- 
like area  of  the  retina  that  lies  in  the  visual  axis  of 
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n  ihniu|ch  human  marula  lutca  and  fovea  centralis, 
nt  with  crrlain  r^aKrnis,  the  Tovta  centralis  Is  deeper 
l>m-i|>iii,ius  than  during  tjfe  (Bohm  and  Davidoff). 


lln'  t-yt'.  Thi.'  cfiitral  dcpn-ssion  is  called  the /oz-co 
ttiitiolis.  1(8  marj-iti  is  sotnewliat  thickened  and 
jiu'si-Dts  ;iU  (he  Uiyvrsof  the  retina,  while  in  the  fovea 
the  l:i\'ers  arc  pnietieally  rc(liK;ccl  to  the  cone-visual 
elements.  From  this  center  the  cell  bodies  of  the 
iHuies  radiate  in  curves  to  reach  the  outer  molecular 
layer,  which  j;ivcs  rise  to  obliquely  directed  fibers 
kiuiwti  as  Hailc's  fiber  layer.  The  macula  lutea  is 
the  most  sensitive  spot  in  the  retina  and  derives  its 
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name  from  the  yellow  pigment  held  in  solution  within 
the  cell   layers. 

2.  The  optic  papilla,  or  blind  spot,  is  the  point  of 
entrance  of  the  optic  nerve.  It  is  found  a  little  to 
the  nasal  side  of  the  macula  lutea.  From  the  center 
of  this  papilla  the  nerve  fibers  spread  out  radially  to 
supply  the  various  parts  of  the  retina.  The  optic 
fibers  lose  their  medullary  sheaths  in  their  passage 
through  the  sclera  and  the  choroid,  so  that  the  optic 
nerve  at  this  point  becomes  suddenly  thinner.     Be- 


:ir: 


cause  of  this  and  the  fact  that  the  fibers  curve  radi- 
ally, there  is  produced  a  deep  circular  depression  in 
this  region.  At  this  point  the  retina  is  absent,  the 
choroid  coat  is  interrupted,  while  connective-tissue 
fibers  of  the  sclera,  called  the  lamina  cribrosa,  inter- 
lace and  cross  the  optic  fibers. 

3.  The  ora  serrala  is  that  portion  of  the  retina  that 
marks  the  posterior  limit  of  the  ciliary  body.  At 
tliis  point  there  is  a  rapid  diminution  of  the  retinal 
layers  until  but  two  rows  of  cells  remain,  the  outer 
one  pigmented.     The  optic  fibers  and  visual  cells 
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disappear  first.  Then  the  outer  molecular  layer  is 
lost,  so  that  the  nuclear  layers  become  confluent. 
Ultimately  but  two  rows  of  cells  remain,  which  are 
continued  over  the  ciliary  body  as  the  pars  ciliaris 
retincB,  already  mentioned  in  the  description  of  the 
ciliary  body.  The  ora  serrata  forms  a  zigzag  line 
which  marks  the  posterior  border  d  the  ciliary  folds. 
The  iridica  retina  has  already  been  described  in 
connection  with  the  description  of  the  iris. 

REFRACTING  MEDIA. 
The  refracting  media  of  the  eye  are  the  cornea, 
aqueous  humor,  lens,  and  the  vitreous  humor.     The 
cornea  is  described  on  another  page. 

I .  The  aqueous  humor  is  a  structureless  fluid  re- 
sembling lymph  that  fills  the  chamber  of  the  eye  in 
front  of  the  lens.  Tlie  iris  is  suspended  in  this  fluid 
and  divides  the  chamber  into  an  anterior  and  a 
posterior  compartment.  Tlie  fluid  is  largely  a  se- 
cretion from  epithelial  cells,  or,  according  to  some, 
from  epithelial  glands  said  to  be  located  in  the  region 
of  the  ciliary  body.  The  aqueous  liumor  is  re- 
placed if  accidentally  lost. 

2.  The  Lens.  —The  origin  of  the  lens  has  already 
been  described  as  an  ectodermal  invagination  in  the 
form  of  a  vesicle.  The  cells  of  the  posterior  wall  of 
this  vesicle  form  the  bulk  of  the  lens.  These  cells 
become  long  and  slender  and  are  known  as  the  lens 
fibers,  while  the  cells  of  the  anterior  wall  remain  low 
and  cubical  and  form  the  anterior  epithelium  of  the 
lens.-  Surrounding  the  lens  on  all  sides  is  the  ^nj 
capsule.     This  capsule  is  a.  homogeneous  membrane, 


THE   EYE. 


429 


thicker  on  the  anterior  surface  of  the  lens  than  on  the 
posterior,  and  with  certain  reagents  appears  to  be 
made  up  of  lamella?.  The  latter  connect  with  fibers 
of  the  suspensory  ligament. 

In  adults  the  anterior  epithelium  forms  a  single 
layer  of  flattened  or  cubical  cells  which  extend  as  far 


as  the  equatorial  margin  of  the  lens.  At  this  mar- 
gin the  cells  increase  in  height  to  form  the  lens  fibers. 
These  are  flattened  hexagonal  prisms,  thickened  at 
the  posterior  ends.  They  pass  in  a  meridional  direc- 
tion from  the  anterior  surface  backward,  and  are 
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held  together  by  a  small  amount  of  cement  5Ub> 
stance. 

The  suspensory  ligament  comiects  the  capsule  of  the 
lens  with  the  epithelium  of  the  ciliary  body  and  the 
hyaloid  membrane  of  the  vitreous  humor.  From 
this  point  the  fibers  pass  forward  and  inward  to  be- 
come inserted  into  the  capsule  of  the  lens.  The  in- 
sertion occupies  a  wide  zone  at  the  equator  of  the 
lens,  which  reaches  some  distance  on  the  anterior  and 
posterior  surfaces.  Between  these  fibers  there  is 
coiisctiucntly  a  canal  around  the  lens,  divided  by 
septa,  the  ninii/  of  Petit,  which  commixnicates  by 
miimte  oiwnin^  with  the  anterior  chamber. 

3,  Tlie  vitreoos  humor  fills  the  chamber  of  the  eye 
iKU-k  of  the  lens.  It  is  a  transparent  tissue  that 
contains  alMiut  tiS  [ht  ct-nt.  oi  fluid  substance  and 
fine  interlacing  IiIkts,  as  wvW  as  a  few  connective- 
tissue  cells  and  Kniax-ytes.  Toward  the  surface  the 
lilH'fs  are  more  dunst'ly  arranjjcd,  fonning  the  hyaloid 
mfmhmne  which  encloses  the  entire  vitreous  body. 
t'he  origin  of  the  vitreous  humor  lias  been  described 
SM  vAWUioction  with  the  developmental  history  of  the 


BLOOD-VESSELS  OF  THE  EYE. 

Hiv-  .t-^^-tiff  of  the  choroid  arc  derived  from  the 
.  .a  ^^>.^^^^^^^M  ciHary,  the  long  ciliary,  and  the  an- 

,<■>  .il».M\  sMlrries.  The  short  irastcrior  penetrate 
,  vi».i  u\  (he  vicinity  of  tlie  optic  nerve,  and 
.;iU    Jvssl  *\*  (lie  choroid  of  that  region.     These 

. .  1.  k!-^Ai  t^c^Mtuiiose  with  branches  from  the 
im  1:  Vs.  ,,^i!<.      Vl(e  li'iitj  posterior  ciliary  penetrates 
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the  sclera  near  the  optic  nerve,  and  course  forward 
between  the  choroid  and  the  sclera  to  the  ciliary 
body.  It  supplies  blood  to  the  ciliary  muscles,  the 
ciliary  processes,  and  the  iris.  The  anlerior  ciliary 
arteries  lie  close  to  the  straight  ocular  muscles  and 
penetrate  the  sclera  near  the  sclerocorneal  junction. 
They  give  off  branches  to  the  iris  and  the  ciliary  body, 
anastomosing  with  branches  from  the  long  posterior 
ciliary  artery.  Veins  return  the  blood  from  these 
regions  and  liear  the  same  names  as  the  arteries 
they  accompany. 


Fig.  zg6. 


Ihrough  Ihc  eyuball  and  litis  (Pylc). 


The  retina  is  supplied  with  blood  from  a  central 
artery  and  vein  that  enter  and  leave  the  retina  at  the 
optic  papilla,  or  blind  spot.  Each  divides  into  a 
superior  and  inferior  papillary  artery  and  vein.  The 
latter  again  divide  into  two  branches,  making  in  all 
four  arteries  and  four  veins  known  according  to  their 
position  as  superior  and  inferior  nasal,  and. superior 
and   inferior  temporal  vessels.     Within  the  retina 
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itself  a  coarse  plexus  of  vessels  blends  with  the  nerve 
fiber  layer.     This  connects  with  a  fine  network  lying 


Pig.  197. — \'rrtical  section  of  ihe  ujji>cr  cyclic)  ij 


within  the  inner  nuclear  layer      The  visual  cell  Ii 
is  non-vascular. 


THE  EYE. 

The  eyelids  are  two  movable  folds 
of  the  skin  whose  inner  surface  is 
covered  by  a  mucous  membrane, 
the  conjunctiva.  The  skin  on  the 
outer  surface  is  thin,  movable,  and 
presents  fine  hairs  with  small  seba- 
ceous glands,  and  also  a  few  sweat 
glands.  At  thehd  margin  papilla? 
arc  developed  and  the  epidermis  is 
thickened.  Alouij  the  outer  bor- 
der there  are  two  or  three  rows  of 
large  hairs,  the  eyelashes,  Wk  poste- 
rior row  of  which  possesses  seba- 
ceous glands  and  modified  sweat 
glands,  called  the  glands  oj  Moll. 
The  eyelids  are  further  provided 
each  with  twenty-five  to  thirty 
large  glands,  known  as  Meibomian 
or  tarsal  glands,  whose  ducts  open 
on  the  palpebral  margin  just  in- 
ternal to  the  eyelashes.  Each 
gland  lias  a  large  central  duct  lined 
by  stratified  epithelium  and  into 
which  numerous  branched  alveoli 
open.  The  latter  resemble  the  al- 
veoli of  sebaceous  glands.  Tht- 
Meihom-ian  glands  lie  close  to  the  hi- 
temal  surface  of  the  eyelids  and 
their  cells  undergo  a  fatty  change 
and  give  out  a  fat -containing  secre- 
tion. 

In  each  lid  there  exists  a  frame- 


:>^ 


Fig.  iij8.— Mei- 
bumian  or  laraal 
gland,    reconsi fueled 

;lh.id    {Hu- 


ber). 
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work  of  condensed  fibrous  tissue,  which  gives  con* 
sistency  and  shapt-  to  the  lid,  and  is  termed  the  tar- 
sal plale,  or  tatsus.  The  orbicularis  oculi  muscle  lies 
beneath  the  subcutaneous  tissue  of  the  outer  surface 
and  is  composed  of  voluntary  muscle  fibers  that  arch 
between  the  angles  of  the  eyelids. 


Fig.  190. — Lacrimal  and  Meibomian  glancU,  ihe  latter  viewed  from 
thf  poslcrior  surfucr  of  the  ^elids.  (The  conjunrliv*  of  lilt  up|>rr  lid 
has  been  partially  dissected  oil.  and  ia  raised  an  as  lo  show  ihe  Ntcihomian 
Rlnnds licncalh.)  /.Free  Imrderof  u|n)er,tttid  2.  frre  bortier  of  lower  lid, 
wilh  openings  o(  the  Me[>)nmlun  glands:  5.  Mi^iltomian  glands  exp«ed, 
nndri,  asscen  Ihreiugh  cotijuticliva;  J.S,  laLrimal  gbnd;  q,  ils exciclary 
duels,  with  10,  their  openings  in  the  conjunctival  cuWe-aac;  //,  con- 
juiicliva  (Tcstut). 

The  conjunctiva  is  a  mucous  membrane  that  lines 
the  inner  surface  of  the  eyelids  and  is  reflected  over 
the  front  of  the  eye.  Over  the  cornea  it  forms  the 
anterior  stratified  epithelium,  and  has  already  been 
descrilK?d.  The  line  along  which  it  is  reflected  on  to 
the  globe  of  the  eye  is  called  the  fornix.    The  pal- 


THE  EYE, 


435 


» 


pebral  portion  adheres  intimately  to  tlie  tarsal  plate 
and  presents  numerous  papilla;.  It  is  covered  by  a 
layer  of  columnar  cells  beneath  the  bases  of  which 
are  small  flattened  cells.  Goblet  cells  are  to  be  found 
among  these  cells.  Over  the  globe  of  the  eye  it  ad- 
heres closely  to  the  sclera,  and  this  portion  of  the 
conjunctiva  is  perfectly  smooth  and  is  composed  of 
stratified  squamous  epithelium.  The  conjunctiva 
that  clothes  the  eyelid  is  thinner  than  that  which 
covers  the  cornea  and  any  for- 
eign particle,  therefore,  tends 
to  cling  to  the  eyelid  rather 
than  to  the  eye. 

The  Lacrimal  Apparatus. — 
This  consists  of  (i)  the  lacri- 
mal or  tear  gland,  (2)  the  lac- 
rimal canals,  and  (3)  lacrimal 
sac,  or  nasal  duct. 

The  lacrimal  glavd  is  a 
branched  tubular  gland  situ- 
ated in  the  upper  and  outer 
part  of  the  orbital  cavity.  Its 
structure  resembles  that  of  a 

serous  gland.  The  ducts,  which  are  numerous,  are 
clothed  with  stratified  epithelium  and  open  on  the 
conjunctival  surface,  over  which  the  secretion  is 
evenly  distributed  by  the  action  of  the  eyelids. 

The  lacrimal  canals  begin  as  two  minute  orifices 
at  the  apices  of  the  papillae  lacrimales  situated  near 
the  inner  canthus.  They  are  lined  by  stratified 
epithelium  and  open  directly  into  the  lacrimal  sac. 
The  latter  is  lined  with  simple  pseudostratified  epi- 


Fig.  3011. — I,  CanolKu- 
is;  ;.  liiiiimalsac;  3,  na- 
sal ifuti;  4.  pli'cR  semilu- 
naris; s,  caruncula  lacri- 
mal is  (I^idy). 
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thelium,  having  two  strata  of  nuclei,  and  represents 
the  upper  expanded  portion  of  the  nasal  duct. 
This  duct  has  a  similar  epithelium  and  opens  into 
the  inferior  meatus  of  the  nose.  Ciliated  epithelium 
has  been  described  as  being  present  in  the  nasal  duct, 
and  also  mucous  glands  in  the  lower  parts. 


CHAPTER  XV. 
THE  ORGAN  OF  HEARING. 

The  organ  of  hearing  consists  of  three  portions, — 
external,  middle,  and  internal  ear,  the  last  being  the 
essential  part,  as  within  this  are  the  peripheral  termi- 
nations of  the  auditory  nerve. 

I .  The  External  Ear. — The  pinna  or  auricle  pro- 
jects from  the  side  of  the  head  and  is  covered  with  a 
thin  layer  of  skin,  in  which  are  found  hairs,  sebaceous 
glands,  and  sweat  glands.  A  cartilage  matrix  of 
this  portion  is  of  the  elastic  variety  with  interposed 
areas  of  non-elastic  cartilage.  The  lower  lobe  is  free 
from  cartilage  and  is  composed  of  adipose  tissue. 
The  external  auditory  meatus  is  the  passage  leading 
inward  from  the  concha  as  far  as  the  tympanic  mem- 
brane. Its  average  length  is  about  one  inch.  This 
tube  may  be  divided  into  an  external  cartilaginous 
portion  and  an  internal  osseous  portion.  The  skin 
lining  the  cartilaginous  portion  is  clothed  with  coarse 
hairs  and  possesses  modified  sweat  glands  called 
ceruminous  glands.  These  are  branched,  of  the 
tubulo-alveolar  variety,  and  empty  into  hair  fol- 
licles near  the  surface  of  the  skin,  or  on  the  surface 
of  the  skin  in  the  neighborhood  of  the  hair  follicles. 
The  skin  of  the  osseous  portion  is  supplied  with 
neither  hair  nor  glands,  but  possesses  slender  papillae. 
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At  the  bottom  of  the  auditory  canal  is  the  tytnf 
membrane.  It  is  an  elliptical  disc  placed  at  an  ob- 
lique angle  to  the  car  canal,  with  its  antcro-inferior 
border  most  distant  from  the  outer  orifice.  This 
membrane  is  composed  of  three  lajers,  an  external 
cutaneous,  a  middle  fibrous,  and  an  inner  mucous. 
The  external  layer  is  continuous  with  the  integu- 
mentary lining  of  the  meatus  and  consists  of  a  thin 
layer  of  cutis  covered  by  epidermis.  The  middle 
layer,  or  niembrana  propria,  consists  of  two  sets  of 
fibers,— external  or 
radial  fibers  next  to 
the  integument,  and 
internal  or  circular 
fibers  next  to  the  in- 
ner mucous  Hninj;. 
The  circular  fibers 
are  numerous  near 
the  circumference 
but  scattered  and 
feu-  in  number  near 
the  center.  In  the 
upper  and  anterior  margin  of  the  membrane  is  a 
small  triangular  area  that  is  thin  and  lax  and  is 
called  the  pais  ftaccida.  The  main  portion  of  the 
membrane  is,  on  the  other  hand,  tightly  stretched 
and  termed  the  pius  lensa.  Both  radial  and  circular 
fibers  are  absent  from  the  pars  flaccida. 

2.  The  Middle  Ear. — The  vtuUHe  ear,  or  tympanic 
cavity,  is  a  small  air  chamber  in  the  tympanic  bone, 
iiiterveninij  between  the  inner  end  of  the  external 
auditory  meatus  and  the  outer  wall  of  the  internal 


Fig.  301.— External  car  (RatiUull), 
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ear  or  labyrinth.  It  is  lined  by  a  mucous  membrane 
and  contains  the  bones  of  the  car,  malleus,  incus,  and 
stapes.  The  mucous  membrane  is  folded  over  these 
ossicles  and  has  a  pseudostratified  ciliated  epithe- 
Hum,  having  two  strata  of  nuclei.  Cilia  are,  how- 
ever, absent  on  the  surface  of  the  auditory  ossicles, 
their  ligaments,  and  the  tympanic  membrane.     The 


Fig.  ,joi. — Spni [diagram malic  scrtlon  llirough  the  right  car;  C,  J^xtct- 
nal  audilory  mcalus;  T,  menibrana  lympani;  F,  lympanic  cavity;  o, 
fenestra  ovalis;  r,  fenirstm  rotunda;  B,  semidrcular  canul;  S,  cocblca; 
VI,  scak  vealibulii  Ft,  scala  lympani  (Czennak.) 


tympanic  cavity  communicates  with  the  mouth  by 
a  narrow  canal,  the  Eustachian  tube,  which  transmits 
air  and  conveys  mucous  secretion  from  the  middle 
ear.  This  tube  is  about  one  and  one-half  inches  in 
length  and  is  directed  downward  and  inward  from 
the  anterior  part  of  the  tympanum  to  open  on  the 
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Upper  part  of  the  nasopliaryiix  by  a  wide  orifice. 
Its  anterior  part,  about  one  inch  in  length,  is  enclosed 
in  cartilage,  while  its  posterior  portion  is  encased  in 
bone.  The  mucous  membrane  is  ciUaled  and  glands 
are  absent. 

3.  The  Internal  Ear. — The  internal  ear  is  t  he  es- 
sential part  of  the 
organ  of  liearing 
and  consists  of  a 
hony  and  a  ntem- 
liruuous  labyrinth. 
The  latter  is 
contained  within 
the  former  and 
represents  the 
same  general 
shape,  the  two 
being  separated 
by  a  lymph  space 
containing  the 
perilymph.  A  se- 
ries of  cavities 
constitute  the 
bony  labyrinth, 
which  are  named 
from  before  back- 
wards— cochlea,  vestibule,  and  semicircular  canals. 
The  membranous  labyrinth  situated  witliin  these 
cavities  consists  of  the  membranous  cochlea,  utriculus, 
and  sacculus,  and  membranous  semicircular  canals. 

(i)  Vestibule,  Utriculus,  and  Sacculus. — Thv  vesti- 
bule forms  the  centra!  [wrtion  of  the  bony  labyrinth 


F'B-  30J.  —  Otos«)pic  view  of  Irfl 
mcmbrann  lympani  :  1,  Mcmbnins  flac- 
cEda;  2,  1',  fnlds  hounding  ihe  former; 
3,  refleclion  from  pmi-cssus  brevis  of 
ni&lleuEi  4,  processus  longus  of  incus 
(occaBidnslly  seen);  5,  mcmbrana  lym- 
panj;  6,  umbo  an^  rnd  of  manubrium; 
7,  pyramid  of  light  (Morris). 
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and  communicates  behind  with  the  bony  semicircu- 
lar canals,  and  in  front  with  the  cochlea.  Its  outer 
wall  forms  the  inner  wall  of  the  tympanic  cavity, 
and  in  it  is  seen  the  jenestra  ovalis,  into  which  the 
foot  of  the  stapes  is  adjusted.  The  posterior  part 
of  the  vestibule  receives  five  apertures  that  lead  to 
the  semicircular  canals,  while  its  anterior  part  leads 
by  an  elliptical  opening  into  the  scala  vestibuli  of  the 
cochlea. 


f 


Fig.  304. — Righl  bony  labyrinth,  viewed  (mm  outer  side;  The  6gure 
reprcsenls  the  apijcarance  produced  by  removing  Ihe  petrous  portion  of 
the  tetniioral  bone  dmvn  to  iht  denser  layer  immedialely  aurroanding 
the  labyrinth  {from  Quain,  after  Sammcring), 


The  ulriculus  and  sacculus  are  two  sac-like  struc- 
tures enclosed  in  the  bony  vestibule.  The  two  are 
indirectly  connected  by  the  ductus  endolymphalicus , 
which  is  a  Y-shaped  channel  that  terminates  in  a 
blind  recess,  the  saccus  endolymphatictts.  The  latter 
lies  against  the  dura  on  the  posterior  surface  of  the 
temporal  Irone. 

The  utrkulus  is  larger  than  the  sacculus  and  occu- 
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pies  the  postero-superior  portion  of  the  bony  i 
bule.  It  comniunicates  by  five  apertures  with  tS" 
membranous  semicircular  canals.  Its  wall  is  com- 
posed of  fibrous  tissue,  lined  internally  with  a  single 
layer  of  columnar  epithelium.  The  floor  and  an- 
terior wall  is  thickened  to  form  the  macula  acustUa 
ulriculi,  which  is  innervated  by  fibers  of  the  auditory 
nerve.     The  epithelium  of  this  region  is  composed 


of  two  kinds  of  cells:  (i)  slender  sustentacular  c 
restin)!!  on  a  basement  membrane,  and  (2)  hair  c 
or  auditory  cells.  The  latter  support  a  numberifl 
stiff  hairs  and  constitute  the  neuro-epitheliuil 
around  which  arborize  the  neurons  of  the  audita) 
nerve.  Crystals  of  calcium  carbonate,  known  1 
otoliths,  arc  found  on  the  surface  of  the  epithelium.  ] 
The  sacculus  occupies  the  lower  portion  and  fa 


I 
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part  of  the  bony  vestibule.  It  is  oval  in  shape, 
smaller  tUan  the  utriculus,  its  longest  diameter 
measuring  about  3  mm.  From  its  lowest  part  a  short 
canal,  the  duct  oj  Hensen,  opens  into  the  ductus 
cochlear  is.  Anteriorly  there  is  an  oval,  whitish 
thickening,  the  inacula  acustica  sacculi,  innervated  by 
the  neurons  of  the  auditory  nerve.  The  histology 
of  the  sacculus  is  like  that  of  the  utriculus. 

(2)  Semicircular  Canals. — There  are  three  osseous 
canals  situated  behind  and  above  the  vestibule. 
The  superior  canal  is  vertical,  the  external  is  hori- 
zontal, and  the  posterior  is  vertical.  They  open  into 
the  vestibule  by  five  apertures,  since  the  inner  ex- 
tremity of  the  superior  and  the  upper  extremity  of 
the  posterior  join  to  form  a  common  duct,  the 
canalis  communis.  Each  canal  presents  an  en- 
largement or  osseous  ampulla  near  its  origin  with 
the  vestibule.  The  membranous  semicircular  canals 
partly  fill  the  bony  canals,  to  which  they  conform. 
The  peripheral  border  of  each  canal  is  fixed  to  the 
periosteum  of  the  bony  canals  while  the  opposite  part 
is  free,  Kach  canal  is  dilated  in  the  bony  ampulla 
to  form  a  ntembranous  ampulla.  These  canals  com- 
municate with  the  utriculus  and  possess  a  fibrous 
wall  clothed  with  simple  pavement  epithelium,  ex- 
cepting in  the  ampull;c,  where  it  is  columnar.  Inthe 
latter  slender  sustentacular  cells  intervene  between 
shorter  neuro-epithelial  cells,  or  hair  cells,  similar  to 
those  of  the  maculie.  The  neurons  of  the  auditory 
nerve  arborize  around  the  bases  of  the  hair  cells. 

(3)  The  Bony  and  Membranous  Cochlea. — Thefion^ 
cochlea  assumes  the  form  of  a  short  cone  and  coQ' 
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sists  of  a  Spirally  arranged  tube  which  forms  from 
two  and  one-lialf  to  two  and  Uiree-quarter  coils 
around  a  central  pillar  termed  the  modiolus.  The 
length  of  this  tube  is  about  30  nun.  and  its  diameter, 
near  the  base  of  the  cochlea,  about   2   mm.     The 


Fie   to6  — Ixmniludinal  section  of  ihr  corhlea  et  a  cat    This  figur* 
iv«  B  general  view  of  lite  i-mhita.     The  cwhlear  ilucl  «  .iicl  wilh  ui 

imrs  in  ihf  siTlion  (Hulwlta). 


modiolus  is  about  ?,  mm.  in  height  and  transmits  the 
nerve.  A  flat  shelf  of  bone,  the  lamina  spiralis, 
winds  around  the  modiolus  hke  the  threa<l  of  a  screw, 
and  projects  about  half-way  into  the  cochlear  tube 
and  thus  incompletely  divides  this  tuIie  into  two 
passages,  of  which  the  upper  is  named  tlie  scala  vesft- 
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bull,  and  the  lower  the   scala    lympani.     A  mem-  . 
brane — the  membrana  6aji7am— stretches  from  the 
free  edge  of  the  bony  lamina  spiralis  to  the  outer 
wall  of  the  cochlea  and  completes  the  scala  vestibuli 


Fig.  307,— Reriion  Ihrough  one  nf  ihc  lurna  of  thp  ossmus  and  mem- 
brannuE  cnchlesr  riuris  of  Ihe  Cochlea  of  a  guinea-pig:  I,  Seals  vestihuli; 
IK.  labium  vesttbulare  of  the  limbus;  n.  sulcus  spiralis  inlernus;  o,  nerve 
fibers  lying  in  the  lamina  spiralis;  p,  Katiglion  celU;  q,  blood- vetseli;  a, 
bone;  ft,  Reiisner's  mcmbranel  Dc,  rluetus  cochlcaris;  d,  Corti's  mem- 
brane; /,  prominentia  spiralis;  £.  organ  uf  C'orti;  A,  lisamentum  spirals; 
>,  crista  baiiilaris;  ft,  scala  lympani  (BohtnondDavidoS). 


and  the  scala  tympani,  but  the  two  communicate 

'  at  the  apex  of  the   cochlea.     The  scala  tympani 

begins  at  the  fenestra  rotunda,  in  the  inner  wall  of  the 
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tympanum  just  below  the  fenestra  ovalis,  and  the 
scala  vestibuli  leads  to  the  perilymphatic  space  of 
the  vestibule.  The  fenestra  rotunda  is  closed  by 
the  tympanic  membrane. 

From  what  has  been  stated  it  is  evident  that  an 
injection  into  the  scala  tyinpani  through  the  fora- 
men rotunda  will  pass  into  the  scala  vcstibuH  at  the 
apex  of  the  cochlea,  and  travel  down  the  passage 
above  the  lamina  spirahs  to  ultimately  reach  the 
perilymphatic  space  of  the  vestibule  and  exert  press- 
ure against  the  base  of  the  stapes  through  the  fenes- 
tra ovalis. 

The  membranous  cochlea  (ductus  cochlearis  or  scala 
media)  forms  a  spiral  canal  inside  the  bony  cochlea, 
and  ends  at  the  apex  of  the  latter  in  a  blind  ex- 
tremity, the  lagena.  This  scala  media  lies  near  the 
free  margin  of  the  lamina  spiralis  and  just  above 
the  membrana  basilaris.  It  thus  forms  a  spiral  tube 
that  gradually  increases  in  size  from  its  lower  to  its 
upper  or  distal  end.  Its  lower  end  communicates 
with  the  sacculus  through  the  ductus  reunietis  of 
Hensen.  Triangular  in  transverse  section  it  has  a 
roof,  called  Keissner's  membrane,  which  separates  it 
from  the  scala  vestibuH.  Its  outer  wall  is  the  peri- 
osteal lining  of  the  bony  cochlea,  while  its  floor  is  the 
outer  border  of  the  lamina  spiralis  and  the  membrana 
basilaris.  This  membranous  labyrinth  is  clothed 
throughout  its  whole  length  by  a  single  layer  of 
epithelial  cells. 

Retssner's  membrane  consists  of  an  exceedingly 
thin  connective-tissue  lamella  lined  on  the  vestibular 
side  with  a  single  layer  of  endothelial  cells,and  on  the 
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cochlear  duct   by  a  single  layer  of  flat  epithelial 
cells. 

The  outer  wall  of  the  scala  media  is  the  periosteal 
lining  of  the  bony  cochlea  which  is  thickened  and 
modified  to  form  what  is  termed  the  ligamenlum 
spirale  cochleiE.  The  ligament  has  a  projection,  the 
crista  basilaris,  to  which  the  outer  edge  of  the  mem- 
brana  basilaris  is  attached.     The  inner  surface  of 


/ 


Fig.  .loS. — Organ  of  Corti:  Al  *  Ihc  tcflorial  mcmhranc  is  raised;  c, 
OUliT  suxli'ntacular  ccrlls;  d.  duIcf  auditory  cirlls;  /,  outer  pillar  i^ells;  g, 
leclorinl  mtmbrane;  It,  inuer  suslenlaculiir  cells;  i,p,  epUhelium  of  (he 
sulcus  spiralis  internus;  k,  bbium  vrstibulare;  e,  tympanic  investing 
'  layer;  m,  outer  auditory  cells;  n,  n.  nerve  fibcre  which  extend  Ihrouga 
(he  tunnel  of  Corti;  u.  inner  pillarccli;  9,  nerve  fibers;  A,  b,  basilar  mem- 
brane; II,  riiilhelium  of  the  sulcus  spiralis  exlrrnus;  r,  crils  of  Hensrn; 
s,  inner  auditor)'  cell;  (,  ilgaiTicntuni  spirale  (after  Retzius). 


this  wall  is  clothed  with  simple  epithelium  of  the 
columnar  type,  which  in  places  appears  to  be  strat- 
ified and  to  possess  darkly  granulated  cells. 

On  the  floor  of  the  scala  media  and  resting  on  the 
basilar  membrane  is  the  complicated  structure 
termed  the  organ  0}  Corti.  This  consists  of  the  fol- 
lowing structures:  (i)  Corti's  rods  or   pillars;  {2) 
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hair  cells  (inner  and  outer) ;  (3)  supporting  cells  of 
Deiters;  (4)  the  cells  of  Hensen  and  Claudius;  (5) 
the  lamina  reticularis,  and  (6)  a  cuticular  membrane, 
the  membrana  tectoria. 

1 .  The  rods  of  Corti  form  two  rows,  an  inner  and  an 
outer.     The  bases  of  the  two  rows  are  planted  on  the 
membrana  basilaris,  some  little  distance  apart,  and 
the  outer  ends  come  in  contact  so  that  between  the 
two  rows  alx)ve  and  the  basilar  membrane   l^elow 
there  is  enclosed  a  triangular  tunnel,  the  tunnel  oj 
Corti.     This  tunnel   increases  both   in   height    and 
width  toward  the  apex  of  the  cochlea.     The  inner 
rods  numlx^r  nearly  six  thousand.     The  outer  rods 
number  about  four  thousand,  and  are  longer  tlian  the 
iniuT.     They  are  also  more  inclined  toward  the  bas- 
ilar membrane  and  form  with  it  an  angle  of  al)out 
forty  degrees. 

2.  The  hair  cells  are  ])laced  on  each  side  of  the  rods 
and  thus  form  an  inner  and  an  outer  set.  The  inner 
hair  cells  form  a  single  row  and  number alxjut  three 
thousand  five  hundred,  so  that  each  cell  is  sup- 
ported by  a  little  more  than  one  ro<l.  Their  free  ex- 
tremities are  surmounted  by  about  twenty  fine  hair- 
like pnKVsses  arranged  in  the  form  of  a  crescent. 
Ivicli  cell  is  oval  and  contains  a  large  nucleus.  The 
lower  end  is  rounded  and  reaches  about  half-way 
down  the  rod,  and  in  contact  with  this  end  are  the 
arborizatirms  of  the  nerve  terminations.  To  the 
intier  side  of  these  cells  are  seventl  rows  of  cohnnnar 
cells  that  function  as  supi)orts.  The  outer  hair  cells 
number  about  twi'lve  thousand,  nnd  form  three  rows 
in  the  basal  coil  and  about  four  rows  in  the  upper  two 
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coils.  The  free  extremity  of  each  cell  supports  some 
twenty  hair-like  processes,  while  the  outer  extremity 
reaches  half-way  to  the  basilar  membrane  and  is  in 
contact  with  nerve  arborizations. 

3.  Deiters'  supporting  cells  alternate  with  the  rows 
of  the  outer  hair  cells.  Their  lower  ends  expand 
upon  the  basilar  membrane,  and  the  upper  end  tapers 


I 


Fig  309  — Seclion  of  Corti  s  organ  from  gu  nca  pig  s  cochlea  ST, 
scala  lympan  TC  lUnnEl  of  Cort  a  ban}  I  ssue  orspiial  Jam  na  b  b, 
6bmus  tissue  covenng  same  continued  as  substantia  propria  of  basilar 
membrane;  c,  c.  proioplasmk  envelope  of  Corli's  pillars  (c,  e.):  d, 
endothelial  pistes;  /,  heads  of  pillars  containing  oval  areas;  g,  head 
plales  of  pillars;  h,  h',  inner  and  outer  hair  celU;  m,  membnina  retic- 
ularis; k.  I,  cells  of  Hensen  and  Claudius;  n,  n,  nerve  libers;  1,  cells  of 
Deilers  {after  Piersol). 


and  extends  to  the  free  surface  of  the  hair  cells. 
Each  cell  has  a  nucleus  near  its  middle  and  contains 
a  bright  thread-like  structure,  called  the  supporting 
fiber. 

4.  The  cells  oj  Hensen  are  outer  supporting  cells  and 
consist  of  several  rows  just  outside  of  Deiters'  cells, 
where  they  form  a  well-marked  elevation  on  the  floor 
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of  the  scala  media.     The  columnar  cells  just  external 
to  this  elevation  are  named  the  cells  o/  Claudius. 

5.  The  lamina  reticularis  is  a  thin  cuticulat 
structure  which  lies  over  Corti's  organ  and  extends 
from  the  outer  rods  as  far  as  Hensen "s cells.  This 
membrane  has  numerous  small  apertures  into  which 
the  outer  hair  cells  project. 

6.  The  membrana  iecloria  is  an  elastic  membrane 
attached  to  the  free  margin  of  the  lamina  spiralis  and 
reaching  outward  as  far  as  the  outer  row  of  hair  cells. 
This  membrane  has  no  nuclei  and  shows  fine  radial 
strialions.  The  membrane  is  supposed  to  act  as  a 
damper  to  the  hair  cells. 

The  Auditory  Nerve.— The  auditory  nerve  diWdes 
into  Iwo  main  parts,  the  ramus  ■vestibularis  and  the 
ramus  cochlearis.  The  vestibularis  divides  into 
three  branches  which  are  the  macula  acustica,  utric- 
uli,  and  the  ampulla  of  the  inferior  and  external 
semicircular  canals.  The  ramus  cochlearis  supplies 
a  branch  to  the  macula  acustica  sacculi  and  one  to 
the  ampulla  of  the  posterior  semicircular  canal.  The 
remainder  of  the  ramus  cochlearis  is  distributed  to 
the  hair  cells  of  Corti's  organ.  Near  the  base  of  the 
osseous  spiral  lamina  there  is  situated,  in  a  special 
bony  canal,  a  ganglion  called  the  spiral  ganglion  of 
the  cochlea.  The  ganglion  cells  are  bipolar,  having 
a  dendrite  that  extends  inward  through  the  lamina 
spiralis  to  the  organ  of  Corti,  and  a  ncuraxis  that 
passes  out  the  modiolus  and  thence  to  the  medulla. 
Some  of  the  dendritic  processes  pass  through  the 
tunnel  of  Corti.  so  called  tunnel  fibers,  to  reach  the 
outer  hair  cells. 
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DEVELOPMENT  OF  THE  LABYRINTH. 
The  epithelial  lining  of  the  membranous  labyrinth 
is  derived  from  the  ectoderm  and  develops  as  a  vesic- 
ular invagination  on  each  side  of  the  epencephalon. 
After  being  constricted  off  from  the  ectoderm  this 
vesicle  develops  a  dorsomesial  cvagination,  which 
gradually  grows  larger  and  becomes  the  ductus  endo- 


I 


Fig.  iio.— Three  Iransverec  sections  showing  development  of  otic 
veade  of  human  embryo  (Toumeux):  A,  from  embrvu  of  j  mm.,  showing 
auditory  pit;  B,  from  embryo  of  4  mm.,  showing  the  transformation  rf 
ihe  pit  into  the  otic  vesicle;  C,  from  embryo  of  6  mm.,  showing  otic 
vesicle  detached  from  surface  eetoderm,  and  presenting  a  posterior 
diverticulum,  the  reccssus  vcstibuli. 

lyinphaticus.  By  means  of  folds  and  constrictions 
the  dorsal  utriculus  and  ventral  sacculus  arc  formed, 
and  also  the  semicircular  canals  which  connect  with 
the  utriculus.  The  membranous  cochlea  or  scala 
media  grows  both  in  a  longitudinal  and  a  spiral 
direction,  retaining  its  connection  with  the  sacculus 
throBgh  the  canalis  reuniens.     This  complex  mem- 
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branous  labyrinth  becomes  invested  with  developing 
bone,  and  is  filled  with  endolymph  and  surrounded 
with  perilymph.  The  developmental  history  of  the 
middle  and  external  ear  is  closely  associated  with 
that  of  the  first  gill  cleft  of  which  they  primarily 
form  an  associate  part. 
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CHAPTER  XVI. 

OLFACTORY  ORGAN. 

The  olfactory  region  may  be  divided  into  the  vesti- 
bule, respiratory  organ,  and  the  olfactory  organ, 

1.  TXk  vestibule  \scow- 
ered  with  a  continuation 
of  the  skin,  which  grad- 
ually takes  on  the  char- 
acter of  a  mucous  mem- 
brane. The  epithelium 
is  of  a  stratified  squa- 
mous variety,  and  pre- 
sents hairs,  sebaceous 
glands,  and  mucous 
glands.  The  vestibule 
comprises  the  region  of 
the  anterior  nares. 

2.  The  respiratory  re- 
gion is  lined  by  ciliated 
epithelial  cells,  the  nuclei 
of  which  are  placed  at 
various  levels.  Hairs 
and  sebaceous  glands  are 
absent,  but  branched  al- 
veolar glands  having 
mucous  and  serous  cells 
are  present.  Numerous 
leukocytes  are  usually  found  upon  the  surface, 


.'.sr-' 


b,  olfadory  cells;  c,  basal  cells;  d, 
submucous  fibrous  tissue;  t,  glands    ! 
ot  Bowman:  /.  nrrve  fibers  (Leray). 
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3.  The  olfactory  region   is  usually  confined  to  t 
superior  turbinated  bone  and  to  the  adjacent  nasal 
septum.     In  the  fresh  condition  the  region  may  be 


Fig.  siJ. — Dingram  o(  ihc  ronneclions  of  cells  and  fibpts  In  tl 
faaory  bulb:  ol).  c,  cells  of  Ihe  olfactory  mucous  membranei  ( 
deepest  layer  of  Ihe  bulb,  composed  of  the  olfactory  nerve  liben  1 

are  prolonged  from  the  oKaclory  cells;  gl.  oltnctory  aiomcruli.  "»nlH 

arboriialion  of  ihe  olfactory  nerve  fibers  and  of  the  cftndronE  of  Ihc  tnitral 
cells;  mc,  milrnl  cells;  a,  thin  axis-cylinder  process  passing  townnl  the 
nerve-fiber  layer,  ».  Ir,  of  the  bulb  to  become  conlinuous  with  fibers  of 
Ihe  oltacloiy  trad;  these  asis-cylinder  processes  are  seen  lo  give  ofl 
cotlaleraLi,  some  of  which  pass  again  into  Ihe  deeper  layers  of  the  buVb; 
«',  a  nerve  fiber  from  the  olfactory  tract  ramifying  in  Ihe  grav  mailer  <j( 
the  bulb  (Schafer). 


distinguished  by  its  yellow  color,  which  is  due  to 
pigment  in  the  sustentacular  epithelial  cells. 

The  oljadory  cells  are  true  bipolar  ganglion  cells. 
The  upper  process  of  these  cells  reaches  to  the  free 
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surface  of  the  epithelial  layer  and  is  short.  It  ter- 
minates in  six  to  eight  short  firm  hairs.  The  lower 
thinner  process  is  a  neuraxone  which  passes  through 
the  cribriform  plate  to  terminate  in  telodendria  in 
the  region  of  the  olfactory  bulb.  The  sustentacular 
cells  are  long  columnar  elements  with  oval  nuclei. 
They  give  support  to  the  ganglion  cells. 

Large  branched  tubular  glands  are  present,  called 
the  glands  of  Bowman.  They  secrete  an  albuminous 
or  serous  fluid.  Beneath  the  epithelium  there  is  a 
rich  supply  of  capillary  blood-vessels  and  lymphatics. 
Fibers  from  the  trigeminal  nerve  terminate  in  telo- 
dendria among  the  epithelial  cells  of  the  entire 
olfactory  region. 


CHAPTER  XVII. 
LABORATORY  DIREGTIONS. 

PREPARATION  OF  MATERIAL. 

I.  Spreads. — ^Thin  spreads  or  smiears  are  made 
upon  cover  glasses  or  on  glass  slides.  The  specimens 
are  then  studied,  stained  or  tmstained,  but  always 
in  some  Uquid  medium.  They  may  be  fixed  and 
mounted  permanently  by  treating  the  preparations 
just  as  if  they  were  sections.  Blood,  marrow,  nerve 
cells  from  brain  or  cord,  and  scrapings  from  organs 
as  the  liver,  may  be  prepared  in  this  way. 

II.  Teasing. — Muscle,  tendon  and  nerve  fibers  are 
easily  prepared  in  this  way.  The  teasing,  or  spread- 
ing, may  be  done  in  water  and  glycerin,  or  small 
pieces  may  be  dehydrated  with  alcohol  and  then 
teased  in  oil,  or  even  in  balsam,  thus  making  a  per- 
manent mount.  Alcohol  and  oil  harden  the  tissues, 
and  satisfactory  teasing  is  therefore  more  difficult. 

III.  Dissociation  or  Maceration  of  Tissue  Ele- 
ments— 

1.  Alcohol,  25  per  cent.;  time,  twenty-four 

or  forty-eight  hours. 

2.  Strong  acids,  as  hydrochloric  or  nitric; 

time,  twenty-four  hours. 

3.  Caustic  potash,  25  per  cent.;  time,  ten 

to  thirty  minutes. 

To  obtain  columnar  and  goblet  cells  of  the  intestine, 
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remove  several  inches  of  the  colon,  clean  carefully 
by  passing  water  through  it,  and  then  distend  the 
piece  with  25  per  cent,  alcohol,  ligating  both  ends. 
Next  day  open  the  bowel  and  make  light  scrapings 
from  the  mucous  surface  and  place  these  in  a  vial 
containing  equal  parts  of  alcohol  (50  per  cent.)  and 
glycerin.  Shake  the  vial  and  the  cells  will  dis- 
seminate throughout  the  fluid.  The  25  per  cent, 
alcohol  dissolves  the  cement  that  holds  these  epi- 
thelial cells  together.  If  desired,  a  little  stain  may 
be  added  to  the  glycerin  preparation. 

The  epithelium  of  the  bladder  may  be  obtained  in 
the  same  manner,  by  distending  the  organ  with  25 
per  cent,  alcohol;  also,  the  ciliated  cells  of  the 
trachea,  although  in  this  case  no  distention  is 
possible.  All  these  cells  come  away  very  easily, 
and  the  scraping  must  be  carefully  dope. 

Tubules  of  the  kidney  are  readily  obtained  by 
treating  small  pieces  with  acid.  In  twenty-four 
hours,  remove  the  pieces  to  equal  parts  of  alcohol 
and  glycerin,  and  shake.  A  drop  of  this  will  show 
all  forms  of  tubules  and  glomeruli.  The  former  are 
practically  equivalent  to  epithelial  casts,  clinically 
so  important  in  urinary  analysis. 

The  caustic  potash  reaction  is  more  rapid.  Pieces 
of  tissue  may  be  treated  with  this  on  the  glass  slide 
and  examined  in  the  fluid.  Care  must  be  observed 
that  the  alkali  does  not  get  on  the  lens  of  the  micro- 
scope. 

IV.  To  Prepare  Tissue  for  Sectioning  in  Celloidin 
or  Paraflin. 

I.  Fixing    and    Hardening.  —  Fixing    consists    in 


458    NORBfAL  HISTOIX)GY  AND  ORGANCX^RAPHY. 

rapidly  killing  the  cell  and  preserving  its  constitii- 
ents,  nucleus  and  cytoplasm,  before  disintegratioii 
can  take  place.  Most  fixing  agents  coagulate  the 
protoplasm  and  cell  contents. 

(a)  Heat. — Cover-glass  preparations  may  be  fixed 
by  heating  them  in  an  oven  or  over  a  gas  flame  to 
I  GO®  or  even  150°  C. 

(b)  Fluids. 

(i)  Acids— osmic,  1%;  chromic,  1%;   ni- 
tric, 10%;  etc. 

(2)  Salts — mercuric     chloride     saturated, 

potassium  bichromate,  3%;  etc. 

(3)  Alcohol,  95%,  or  absolute. 

(4)  Formalin,  5%. 

Acids  and  salts  may  be  used  separately  as  above, 
but  as  a  rule  different  combinations  are  used, 
formulae?  of  which  are  given  on  another  page. 

(c)  Precautions. 

( 1 )  Fix  living  tissues,  if  possible. 

(2)  Fix  small  pieces,  so   that  fluids  may 

readily  penetrate. 

(3)  Heat  hastens  the  penetration. 

(4)  Change  as  often  as  the  fluid  becomes 

cloudy. 

(5)  Use  a  large  quanitity  of  fluid  (50  to  100 

times  the  volume  of  the  tissue). 

2.  Washing. 

(a)  Water. — If  there  is  a  chemical  change  between 
the  fixing  agent  and  the  tissue,  use  water.  This  is 
most  frequently  the  case.  The  specimens  should  be 
very  thoroughly  washed,  preferably  in  running 
water,  for  twenty-four  hours  or  more. 

(6)  .4/coAo/.— When  alcohol  is  indicated,  use  the 
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grades  50%,  70%,  95%.  and  leave  in  80%.  When 
ever  picric  acid  forms  a  part  of  the  fixing  agent, 
alcohol  wash  must  be  used. 

3.  Dehydrating. 

(a)  We  dehydrate  to  preserve  the  tissue  from 
action  of  bacteria. 

(b)  In  order  that  imbedding  fluids,  which  do  not 
mix  with  water,  may  penetrate  the  tissue.  Alcohol, 
the  grades  ending  with  absolute  alcohol,  is  always 
the  agent  used. 

4.  Imbedding  with  Celloidin,  Evaporation  Method. 
(a)  Absolute  A  Icohol  nud  Ether,  Equal  Parls.^Atler 

thorough  dehydration  in  absolute  alcohol,  the  tissue 
is  transferred  to  absolute  alcohol  and  ether,  equal 
parts,  where  it  is  left  for  twenty-four  hours. 

(6)  Thin  celloidin,  4',',  made  by  dissolving  cel- 
loidin shreds  in  equal  parts  of  absolute  alcohol  and 
ether.  The  tissue  may  be  left  any  length  of  time  in 
thin  celloidin,  the  longer  the  better. 

(c)  Thick  celloidin,  10%;  time,  twenty-four  hours 
or  longer. 

5.  Mounting  on  Block  and  Evaporation  of  Ether. 

(a)  Cover  surface,  of  perfectly  dry  block,  with  thin 
celloidin. 

(b)  Remove  the  tissue  from  thick  celloidin  and  place 
upon  block,  in  the  proper  position  for  cutting. 
This  is  called  orienting.  A  piece  like  a  nerve  may 
have  to  be  supported  with  needles,  and  these  re- 
moved later. 

(c)  Add  thick  celloidin,  from  time  to  time,  and  open 
any  air  bubble  that  may  appear.  Leave  the  speci- 
men in  air  until  the  ether  has  evaporated  so  that  the 
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celloidin  does  not  fed  sticky  to  the  touch.    The' 

usual  time  will  be  ten  to  twenty  minutes. 

(d)  Transfer  to  Chloroform  Vapor. — Pour  a  little 
chloroform  over  the  bottom  of  a  dish.  Set  the 
blocks  in  this  so  that  the  liquid  does  not  reach  the 
tissue.    Cover  tightly  and  leave  for  thirty  minutes. 

(e)  Transfer  to  chloroform  liquid  by  immersing  the 
tissue.     Time,  thirty  minutes. 

(J)  Transfer  to  80%  alcohol,  where  blocks  may  be 
left  permanently. 

6.  hnbedding  with  ParaflKn  or  Fusion  Method. 

(a)  Intermediate  Stage. — ^The  tissue  is  taken  out  of 
absolute  alcohol,  where  it  has  been  thoroughly 
dehydrated,  and  is  then  treated  with  some  fluid 
that  is  miscible  on  the  one  hand  with  absolute 
alcohol,  and  on  the  other  with  paraffin.  Liquids 
used  are — 

(i)  Chloroform. 

(2)  Cedar- wood  oil. 

(3)  Turpentine. 

(4)  Xylol. 

Tissues  left  in  oils  become  brittle.  From  one  to  two 
hours  are  usually  sufficient,  depending  upon  the  size 
of  the  piece  to  be  imbedded.  Chloroform  will  harden 
the  tissue  to  a  less  degree  than  the  other  fluids. 

(6)  Melted  Paraffin.— The  melting-point  of  paraf- 
fin should  vary  according  to  the  room  temperature 
where  the  sections  will  be  cut.  The  following  table 
gives  the  relation  of  melting-point  of  paraffin  to  this 
temperature : 

ParalJiu  melting- fioint.  Room  temperature, 

45°  C  15°  to  17°  C.  or  60°  to  65°  F. 

48°  C 22°  C.  or  70°  F. 

55°  C.  24°  C.  or  75°  F. 
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Tissues  are  left  in  melted  paraffin  from  two  to  six 
hours. 

(c)  Solidification  of  paraffin  may  be  accomplished 
by  means  of — 

(i)  Watch  glasses. 

(2)  Metallic  frames. 

(3)  Paper  trays. 

(4)  Tea-lead  trays. 

The  paraffin  is  poured  into  these  trays,  and  the 
tissue  quickly  transferred  to  it.  The  piece  is  then 
oriented,  and  as  soon  as  the  paraffin  has  cooled 
enough  to  form  a  crust,  the  whole  block  is  placed  in 
cold  water,  where  the  paraffin  is  quickly  cooled  so 
as  to  avoid  crystallization.  The  block  is  then  ready 
to  be  cut  in  sections. 

A,  Advantages  of  Celloidin  Imbedding, 

1.  No  heat  is  necessary. 

2.  Large   sections    may    be   cut,    because 

penetration  is  more  complete  than 
is  the  case  with  paraffin. 

3.  Unnecessary    to    remove    celloidin    to 

stain;  sections  are  therefore  easily 
handled. 

B,  Disadvantages  of  Celloidin  Sections. 

1 .  Slow  process — at  least  three  days. 

2.  No  thin  sections. 

3.  Celloidin  may  take  the  stain,  particu- 

larly with  saflFranin. 

4.  Serial  sections  difficult  to  make. 

5.  More  expensive. 
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C.  AdvuUag/ts  of  Paraffin  Imditddmg, 

I.  Accommodates  very  small  objects. 
3.  Thimier  sections  may  be  cut. 

3.  Rapid  piocess. 

4.  Cheaper  than  cdkridin  method. 

D.  Disadvantages  of  Paraffin  Imbedding. 

1.  Must  use  heat,  which  is  injurious  to 

tissues. 

2.  Must  remove  paraffin  to  stain  sections, 

and  the  latter  therefore  tear  eadly. 

3.  Proper    room    temperature    necessary 

when  s«:tions  are  cut.  in  order  to 
conform  to  melting-point  of  paraf- 
fin. 

7.  Cutting  Sections. — Use  the  whole  edge  of  the 
knife  in  cutting  celloidin  sections,  and  keep  the 
knife  wet  with  yo'^f  alcohol.  When  cutting  paraf- 
fin sections,  the  knife  is  placed  at  right  angle  to  the 
block.     Always  trim  away  superfluous  paraffin. 

8.  Staining  celloidin  sections. 

1.  Alcohol,  95%- 

2.  Water. 

3.  Hematoxylin,  ten  minutes. 

4.  Water. 

5.  Acid  alcohol,  HCI  0.5  to  1%;  leave  the 

sections  in  this  until  all  stain  is 
washed  out  of  the  celloidin. 

6.  Water. 

7.  Eosin,    0.5%    solution,    one    to    three 

minutes. 

8.  Alcohol,  35%- 

9.  Alcohol,  95%. 
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10.  Xylol  creosote  (beechwood  creosote,  20 

parts;    xylol,  80  parts). 

11.  Mount  in  Canada  balsam  and  cover. 
The  sections  must  become  perfectly  transparent  in 
the  xylol  creosote.  If  they  are  cloudy  or  milky, 
water  is  present;  and  the  sections  must  be  returned 
to  alcohol,  95'^;..  and  t'l^  process  repeated.  Sections 
that  curl  should  be  flattened  out  when  lifted  out  of 
95%  alcohol,  because  in  this  the  sections  are  soft. 
In  xylol  or  in  water  the  sections  are  hard. 

9.  Staining  Paraffin  Sections.— Since  the  paraffin 
has  to  be  removed  the  sections  first  have  to  be  fixed 
to  the  glass  slide  or  cover  ^lass. 

(i)  Spread  fixative  on  slide.  Albumin  fixative 
consists  of  egg  albumin  and  glycerin,  equal  parts,  A 
very  thin  spread  is  all  that  is  necessary.  Scliiellin- 
baum  fixative  consists  of  clove  oil  4  parts  and  thin 
ccUoidin  i  part.     A  thicker  spread  of  this  is  used, 

(2)  Place  section  upon  slide  and  heat  gently. 

f3)  Xylol  or  turpentine  to  remove  the  paraffin. 

(4)   Absolute  alcohol  to  remove  the  oil. 

(s)  Alcohol,  9,<i'!j'. 
Stain  on  the  slide,  or  immerse  the  whole  slide  in  the 
stain,  following  directions  as  for  celloidin  sections. 

Stain  in  bulk  before  imbedding  in  paraftin  when- 
ever this  is  possible,  as  then  the  sections  may 
be  mounted  from  xylol  directly  into  balsam.  An 
excellent  way  to  get  sections  smooth  is  to  float  them 
on  warm  water — ^not  so  warm  as  to  melt  the  paraffin 
— and  then  lift  them  out  upon  the  glass  slide. 
Decant  surplus  water  and  put  away  for  twenty-four 
hours  to  dry.  Next  day  remove  paraflSn  with  xylol 
and  stain  according  to  above  directions. 
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Review  of  Preparing  Tissues. 

1 .  Fixing  and  hardening 

2.  Washing. 

3.  Dehydrating. 

4.  Imbedding  in  celloidin. 

5.  Mounting  on  block  and  evaporation  of 

ether, 

6.  Imbedding  in  parafhn. 

7.  Cutting  sections. 

8.  Staining  celloidin  sections. 

9.  Staining  paraffin  sections. 

The  following  is  a  brief  outline  of  the  tissues  to  be 
prepared  for  a  laboratory  course  accompanying  the 
text.  Special  technique  is  cited  whenever  indicated, 
otherwise  standard  laboratory  methods  may  be  em- 
ployed. This  outline  is  abbreviated  and  should  be 
expanded  according  to  the  skill  of  the  instructor  or 
student  and  according  to  the  laboratory  equipment. 

Mitosis. 

1 .  Growing  point  of  onion  or  lily  root  tip,  hardened 
in  Flemming  or  corrosive  sublimate,  and  cut  in  longi- 
tudinal section. 

2.  Testicle  of  grasshopper  taken  in  June,  or  ova, 
or  skin  stripped  from  tail  of  growing  tadpoles.  Iron 
Hematoxylin  stain  is  excellent. 

Epithelium. 

I  Isolated  epithelial  cells  from  intestine,  trachea 
and  bladder  (see  page  457). 

2.  Epithelium  exfoliated  from  skin  of  frog  (pieces 
gathered  from  water  where  frogs  are  kept). 

3.  Freshcells  scraped  frommucous  surface  of  cheek. 

4.  Sections  of  intestine,  cornea  of  the  eye,  and  skin. 

5.  Endothelial  cells  of  mesentery. 
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Prepare  endothelium  as  follows : 
(i)  Kill  a  small  animal,  as  a  rat. 

(2)  Open  abdominal  cavity. 

(3)  Wash  out  cavity  with  sterile  water;  do  not 

handle  the  mesentery. 

(4)  Fill  cavity  with   \  per  cent,  silver  nitrate 

solution,   5   min.     See  that  mesentery  is 
bathed. 

(5)  Wash  cavity  with  i  per  cent,  nitric  acid 

solution,  5  min. 

(6)  Fill  cavity  with  alcohol  95  per  cent,  one-half 

to  one  hour,  as  convenient. 

(7)  Remove  mesentery  with  intestine  attached. 

(8)  Immerse  in  fresh  95  per  cent,  alcohol  one  to 

twelve  hours. 

(9)  Cut  intestine  away  from  mesentery  and  im- 

merse the  latter  in  fresh  95  per  cent,  alcohol, 
one-half  to  one  hour. 

(10)  Transfer  mesentery  to  clove  oil  and  expose 

to  sunlight  in  shallow  wide  dish,  three  to  five 
hours.     Direct  sunlight  is  not  good. 

(11)  Cut  mesentery  into  small  pieces  and  mount 

in  balsam.     Handle  mesentery  as  little  as 
possible  during  the  whole  process. 
Glands. 

I.  For  simple  mucous  and  serous  glands  make 
cross  sections  of  the  skin  of  a  salamander. 

Connective  Tissue. 

1.  Sections  of  young  umbilical  cord  and  of  em- 
bryos show  connective-tissue  cells. 

2.  Sections  of  fat  and  teased  fresh  pieces  of  fat. 

3.  Salamander  skin,  dehydrated  and  mounted  with 

lower  side  up  shows  connective-tissue  pigment  cells. 

30 
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4.  Brown  cmuMCtive-tissue  pigment  cells  may  be 
scraped  from  the  chorcnd  coat  of  the  eye  after  re- 
moving the  retina. 

5.  Sections  and  teased  preparations  of  ligamentum 
nuchx  of  the  ox. 

6.  Sections  and  teased  preparations  of  a  tendon. 

7.  Elastic  fibers  of  the  mesentery  of  a  rat. 

FKEPARATIOR  OF  ELASTIC  FIBERS. 

(i)  Fill  abdominal  cavity  of  a  rat  with  95  per  cent. 
alcohol,  one  hour. 

{2)  Remove  intestine  with  mesentery  attached 
and  place  in  fresh  alcohol. 

(3)  Cut  away  the  mesentery  and  mordant  with 
6  per  cent,  solution  of  boric  acid. 

(4^  Stain. 

Orcein I    part 

Alcohol,  gj  per  cent 100  parts. 

HydrochloKc  aciO 1  part 

Stain  for  one  to  twelve  hours.  The  libers  should 
appear  dark  brown.  If  stained  too  deeply,  treat 
with  acid  alcohol,  J  per  cent,  hydrochloric  acid.  If 
too  red,  dip  the  pieces  in  fifty  per  cent,  alcohol  satu- 
rated with  ammonium  picrate. 

Cartilage. 

1.  Cartilage  sections  may  be  cut  with  a  razor  from 
bone  joints  obtained  at  a  meat  market. 

2.  Sections  of  trachea  for  hyaline  variety.  The 
sections  must  be  cut  thin  and  not  overstained. 

Bone. 

I.  Ground  sections,  mounted  dry.  A  dry  white 
and  fat-tree  bone  is  the  best.  With  a  turning  table 
ring  a  glass  slide  with  balsam.     Before  the  balsam 
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sets  the  bone  may  be  mounted  dry  by  covering 
with  circular  cover  glass,  which  sticks  to  the  ring  of 
balsam. 

2.  Sections  of  decalcified  bone.  Place  a  fresh 
bone  in  95  per  cent,  alcohol  to  fix  and  harden  soft 
parts.  Next  day  begin  process  of  decalcification. 
Use  nitric  or  hydrochloric  acid,  J  to  1  per  cent.,  using 
a  large  quantity  and  changing  fluid  twice  daily. 
Nitric  acid  may  be  used  in  1  to  10  per  cent,  strength. 
Time  required  varies  from  one  to  seven  days.  By 
means  of  sharp  needles  it  is  possible  to  determine 
when  decalcification  is  complete.  After  decalci- 
fication wash  in  running  water  for  twenty-four  hours. 

Muscle. 

1.  Smooth  muscle.  Pieces  stripped  from  the 
intestinal  wall  may  be  stained  for  twenty-four  hours 
with  dilute  hematoxylin.  Tease  in  glycerin  and 
alcohol,  or,  for  permanent  mounts,  dehydrate  and 
tease  in  oil. 

2.  Cross  sections  of  the  intestine  will  show  smooth 
muscle  in  cross  and  in  longitudinal  sections. 

3.  Heart  muscle.  Teased  specimens  and  very 
thin  sections. 

4.  Voluntary  muscle.  Sections  of  a  tongue  will 
show  fibers  both  in  cross  and  in  longitudinal  section. 

5.  Injected  muscle.  Sections  should  be  cut  very 
thick  to  show  capillaries.  Such  muscle  carefully 
teased  is  very  satisfactory. 

6.  Fresh  voluntary  fibers  may  be  teased  in 
alcohol  and  glycerin. 

Nervous  Tissue. 

I.  For  bipolar  cells  study  sections  of  the  spinal 
ganglion, 
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2.  For  multipolar  cells  study  sections  of  the  cere 
bral  cortex  and  spinal  cord  stained  with  Cox-Golgi 
method,  as  follows: 

Pdlasdum  hichnimair 20  purts. 

C<imisi\'c  sublimate  5  jwrccnt. 

wil 20  ports. 

Distilled  wutcr 40  |>arts. 

roliiHsiuni  cliromalc,  5  |K>rccnt. 

sill 16  parts. 

Specimens  remain  in  this  two  weeks  or  two 
months;  after  which  wash  thoroughly  twenty-four 
liours.  Cut  sections  free-hand  as  thin  as  possible 
and  place  them  in  a  saturated  solution  of  lithium 
carbonate  for  twenty-four  hours.  Transfer  to  95 
pur  cent,  alcohol,  and  then  to  clove  oil,  from  which 
they  :ire  inoimted  in  balsam  on  a  glass  slide  and 
covered  with  a  cover  glass. 

,V  I'ix  a  sciatic  ner\'e  with  0.5  per  cent,  osmic  acid. 
Wash  thoroughly  in  water  and  tease  cither  in  glyc- 
erin or  dehydrate  and  tease  in  oil.  Study  structure 
of  mcdullated  libers. 

4.  Make  cross  section  of  sciatic  nerve. 

Blood. 

1 .  Dip  a  thin  strip  of  filter  paper  in  the  blood  of  a 
frog  and  make  a  spread  eillicr  on  a  cover  glass  or  a 
glass  slide.  Dry  in  air  and  fix  in  95  per  cent,  alcohol. 
Stain  with  hematoxylin  and  eosin.  Wash  in  water 
and  dry  in  air,  after  which  the  specimen  may  he 
mounted  in  balsam. 

2.  Studv  fresh  specimens  of  human  blood  for 
rouleaux  and  crenaled  red  blood  corpuscles. 

,^.  Thin  blood  spreads  may  be  made: 

(1)  On  glass  slides  by  placing  a  drop  of  blood  near 
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one  end  and  with  the  end  of  a  second  slide  spread  it 
by  making  a  single  stroke  toward  the  opposite  end. 

(2)  Placing  a  small  drop  between  two  cover 
glasses  and  drawing  them  apart  in  such  a  way  that 
their  surfaces  are  always  parallel. 

(3)  Saturate  the  end  of  some  thin  blotting  paper 
and  make  a  spread  either  on  a  cover  glass  or  a  glass 
slide. 

4.  Spreads  are  dried  in  air  and  then  fixed,  by 
heat  (120°  C),  for  two  hours,  or  equal  parts  of 
absolute  alcohol  and  ether  for  two  hours.  They 
are  then  dried  and  stained.  Wright's  stain  is  a 
short  method  and  fixes  and  stains  a  film  at  the  same 
time. 

(i)  Stain  a  blood  film  with  Wright's  fluid  one 
minute. 

(2)  Distilled  water  2  min.  Add  in  drops  upon 
cover  glass  or  slide. 

(3)  Wash  in  water  until  the  film  of  blood  becomes 
pink. 

(4)  Dry  between  filter  paper  and  mount  in  balsam. 
(For  preparation  of  Wright's  stain  see* 'Pathological 

Technique,"  Mallory  and  Wright,  Third  Edition.) 

5.  Blood  platelets  are  obtained  by  pricking  the 
finger  through  a  drop  of  i  per  cent,  osmic  acid. 

6.  Hemin  crystals.  Grind  together  on  a  slide 
equal  parts  of  dry  blood  and  salt.  Add  glacial  acetic 
acid  and  cover  with  cover  glass.  Heat  until  gas 
bubbles  escape.  Examine  with  high-power  of  micro- 
scope. 

Red  Marrow. — With  a  pair  of  pinchers  squeeze  a 
drop  from  the  end  of  a  rib  and  spread  on  slide  or 
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cover  glass.     Fix  and  stain  as  for  blood.      A  spread 
may  be  made  from  the  end  of  the  femur  or  any  of  the 
long  bones. 
BIood-veBsels. 

1 .  Sections  of  the  aorta. 

2.  Small  arteries  can  be  found  in  sections  of  the 
tongue  or  any  other  organ. 

3.  Sections  of  any  large  vein. 
Lymphatics,  Thymus  Gland,  Spleen. 

1 .  Sections  of  lymphatic  nodes. 

2.  Sections  of  thymus  gland. 

3.  Sections  of  the  spleen. 

These  tissues  must  be  cut  thin  and  not  overstained. 

Digestive  System. 

1 .  Teeth,     Ground  sections,  technique  as  for  bone. 

3.  Tongue.     Section  foliate  papillfe  of  rabbit  for 
taste  buds. 

3.  Cross  section  of  esophagus. 

4.  Sections  of  cardiac  and  pyloric  end  of  stomach. 

5.  Small  intestine.     Injected  specimen  must   be 
cut  thick. 

6.  Sections  of  ileum  for  Peycr's  patches. 

7.  Large  intestine,  including  vermiform  appendi.\. 
Digestive  Glands. 

1.  Sections  of  parotid  and  submaxillary  gland. 

2.  Pancreas.     Injected     pancreas    for    areas     of 
Langerhaus. 

3.  Liver,  including  sections  of  injected  organ  cut 
thick. 

Organs  of  Respiration. 

1.  Sections  of  thyroid  gland. 

2.  Sections  of  trachea. 
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3.  Lung,  including  thick  sections  of  injected  organ. 
Urinary  Organs. 

1 .  Suprarenal  bodies. 

2.  Kidneys.  Sections  of  injected  kidney  and 
kidney  pieces  macerated  with  hydrochloric  acid 
(see  page  457). 

3.  Sections  of  ureters. 

4.  Bladder,  preferably  sections  of  one  distended 
with  fixing  fluid. 

Reproductive  Organs. 

1 .  Sections  of  testes  with  epididymis  attached. 

2.  Vas  deferens. 

3.  Sections  of  penis,  preferably  of  baby  or  a  fetus. 

4.  Prostate  gland,  preferably  an  old  one. 

5.  Ovaries.     Old  enough  to  show  corpora  lutea. 

6.  Fallopian  tubes.  Sections  of  fundus  and  isth- 
mus. 

7.  Uterus. 

8.  Placenta,  preferably  at  half  term. 

9.  Mammary  gland. 

The  Skin  and  Appendages. 

1 .  Sections  of  palm  surface  of  finger. 

2.  Sections  of  the  scalp,  tangential  and  cross. 

3.  Nails.  Sections  of  finger  of  fetus  are  very 
good. 

Peripheral  Nerve  Endings  and  Spinal  Cord. 

1.  Sections  of  duck's  bill.  Iron  hematoxylin 
stain. 

2.  Pacinian  corpuscles  may  be  found  in  sections 
of  the  skin  of  the  finger  or  in  the  connective  tissue 
of  sections  of  the  pancreas.  They  may  be  teased 
out  from  the  mesentery. 
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3.  Spinal  cord.     The  cord  of  the  horse  or  ox  is 
very  satisfactory. 
Brain. 

1.  Sections  of  cerebral  cortex. 

2.  Sections  of  cerebellar  cortex   cut    across  the 
folds. 

3.  Sections  of  closed  and  open  medulla. 

4.  Sections  of  the  pons. 

Sections  of  the  medulla  and  pons  should  be  cut 
thick  and  stained  with  Pal-Weigert  method. 
Celloidin  method  of  imbedding  is  preferable. 
The  Eye. 

1.  Sections  of  the  whole  eye  imbedded  in  celloidin. 

2.  Sections  of  the  cornea. 

3.  Sections  of  the  retina. 

4.  Sections  of  the  eyelid. 
The  Internal  Ear. 

Sections  of  the  c(x:hlea  must  be  decalcified. 
Cochlea  of  a  young  kitten  is  very  satisfactory. 

STANDARD  FIXING  SOLUTIONS. 

Carney's  Acetic-alcohol  Mixture. 

Glacial  acotic  acid 1   part. 

Absolute  alcnli(»l 3  parts. 

Pieces  one  centimeter  thick  are  fixed  in  one-half  to 
one  hour.  The  after-treatment  is  with  absolute 
alcohol. 

Osmic  Acid. — One-half  to  one  per  cent,  aqueous 
sohition. 

Fix  for  three  to  twenty-four  hours  and  then  wash 
thoroughly  in  running  water. 
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Flemming's  Solution. 

Osniic  acid,  I  per  cent,  aqueous 

solution 10  parts. 

Chromic  acid,  1  per  cent,  aque- 
ous solution 25  parts. 

Glacial  acetic  acid,  1  |>er  cent. 

aqueous  solution 10  parts. 

Distilled  water 55  parts. 

Fix  for  twenty-four  hours  or  more  and  wash  thor- 
oughly in  running  water. 

Flemming's  Strpng  Solution. 

Osmic  acid,  2  ]kt  cent,  aqueous 

solution 4  parts. 

Chromic  acid,  1  per  cent,  arjue- 

ous  solution 15  parts. 

Glacial  acetic  acid 1   part. 

This  is  a  good  fixing  agent  for  nuclear  structures 
and  therefore  for  mitosis. 

Corrosive  Sublimate. 

Saturated  solution  in  distilled  water.  Fix  for 
twenty-four  hours  or  more  and  wash  in  running  water. 
After  twenty-four  hours,  transfer  to  70  per  cent, 
alcohol  to  which  a  few  drops  of  iodin  and  potassium 
iodid  have  been  added.  The  iodin  removes  any 
crystals  of  sublimate  that  may  have  formed. 

Picric  Acid. 

Saturated  aqueous  solution.  Fix  for  twenty-four 
hours,  or  longer,  after  which  wash  in  70  per  cent, 
alcohol. 

Picrosulphuric  Acid. 

Picric  acid,  saturated  aqueous 

solution 100  parts. 

Sulphuric  acid,  concentrated...      1  part. 

Distilled  water 200  parts. 

After-treatment  same  as  for  picric  acid. 
Nitric  Acid. — Acjueous  solution,  3  to  10  per  cent. 
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Fix  for  several  hours  and  wash  thoroughly  in  r 
water. 

Chromic  Acul. — Aqueous  stdution  }  to  i  per  oeat. 
Small  pieces  are  fixed  for  twenty-four  hours.  Wash 
in  running  water  and  pass  through  the  ascending 
grades  of  alcohol,  preferably  in  the  dark. 

MiiUer's  Fluid 


Potassiu 


I  bktaro 


2.5  pn. 


Fix  for  several  weeks,  preferably  in  the  dark.  At 
first  the  fluid  should  be  changed  daily.  Wash  in 
running  water  for  twenty-four  hours  and  place 
directly  in  70  per  cent,  alcohol.  Dehydrate  prefer- 
ably in  tlic  dark. 
Zenker's  Fluid. 

PotafLsitim  bichromate 3. 

Sodium  sulphate i.i 

Corrosive  sublimate $■' 

Glacial  acetic  acid 5.1 


It  is  better  to  add  the  acetic  acid  just  before  using 
and  not  to  add  it  to  the  stock  solution.  Fix  tissues 
in  this  fluid  for  six  to  twenty-four  hours.  Wash  in 
running  water  twenty-four  hours  and  transfer  to 
alcohol,  using  the  grades.  Sublimate  crystals  are 
removed  by  iodized  alcohol  as  with  corrosive  subli- 
mate solutions. 
Formalin. 

I-'ormalin  (40  per  cent.  Formal- 
dehyde)   .S  to  10  parts. 

Water 90  parts. 

Small  pieces  are  fixed  in  twelve  to  twenty-four  hours. 
As  sections  do  not  stain  well  after  this  fixation,  it 
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is  better  to  transfer  the  pieces  to  some  standard  salt 
solution  and  then  wash  and  dehydrate. 

Potassium  Bichromate  and  Formalin. 

Potassium    bichromate   2   per 

cent,  aqueous  solution 90  parts. 

Formalin 10  parts. 

Fix  for  several  days  or  weeks.  Wash  in  running 
water  and  dehydrate  with  alcohol.  This  is  a  good 
fixation  for  the  central  nervous  system. 

STANDARD  STAINS. 

Aqueous  Borax-carmin  Solution. 

Borax 8  gm. 

Carmin 2  gm. 

Water 150  c.c. 

Grind  together  the  borax  and  carmin.  Add  the 
water  and  in  twenty-four  hours  filter.  Stain  sections 
for  twelve  hours  or  longer.  Treat  with  acid-alcohol 
as  necessary. 

Alcohol  Bora,x-carmin  Solution. 

Carmin 3  gm. 

Borax 4  gm. 

Water 93  c.c. 

Alcohol,  70  per  cent 100  c.c. 

Filter  and  stain  as  for  the  aqueous  solution. 
Cochineal  Solution. 

Cochineal,  powdered 7  gm. 

Alum,  roasted 7  gm. 

Water 100  c.c. 

Boil  down  to  one-half  its  volume,  stirring  freely. 
When  cool  filter  and  add  a  few  drops  of  carbolic  acid. 
This  fluid  does  not  overstain  and  acts  rapidly.  After 
staining  wash  in  distilled  water,  as  alcohol  precipi- 
tates the  alum. 


's*:ft.Trc-  H2?r:'C«-OT  .e 


ir-  :-ar.  IW  c_< 

>i--r:n  Ir-j* 

^v.I  I'jt  if^etc  — ^:r:c<,  oooi  and  filter.     Add  enough 
iter  lo  rt:7-!lic»e  i^iii  ]fy^z  by  boiling.      Wash  the 
'ijZL^  in  -.4  ittr  ifter  staining. 

Bohmer's  HcsuioxtIiii* 

Aj:-..i   ..  ills-  j.:e.  i-.'  c  c. 

l>i-v^lve  the  heniaioxylin  in  akohol  and  the  alum  in 
v.ater.  Ad*!  the  fir-l  to  the  scO[>nd  solution  while 
continually  sliirini:.  Allow  this  pieparation  to 
taii'l  in  an  open  j^r  for  two  weeks,  to  ripen,  when 
iIh-  color  will  chanvie  from  violet  to  blue.  After 
(iltiriii;^  the  ^tain  is  rt-ady. 

Dclafield's  Hematoxylin. 

If*  fii.ii'.xvlin  rry^tjls 4  ^m. 

Alf'.'fllllc  ;ilrr,!i.,| 2^   CO. 

Aiiini'MiiiiMi  .ilurn,  s-.it.  a'^.  s«»l. .4'»*)  c.c. 

All  mIh*!  '/  >  |M'r  cent KK)  c.c. 

<«lv«  <  fill ]t^^^  c  c. 

I  h'.'.njvi-  ilic  liciiiatoxylin  in  absolute  alcohol  and  add 
iIm  .ihitti  M)lnlion.  Place  in  open  vessel  for  four 
iliN  ..  Iiltn,  and  add  the  95  per  cent,  alcohol  and 
»'Im  I  I  III       In  a  few  days  filter  attain. 

IvhillrliVi  Hematoxylin. 

I  li  III  iIm\  \  liii  11  v'>(.ils 2  gni. 

Mtmliilr  >iliiiliiil         00  c.c. 

(•l\i«Mii               I  '..iltiiMtrd   witli  60  c.c. 

Pi  iilliil  w  ilii  I  iiiiiiiiiiiiia  aliiiii  60  c.c. 

I  il  It  I  il   u  I  III   >ii  III       ^  V  c. 

\^\\^^^  \  !»»  Ihdil  ini  a  l()n]L(  time.     It  is  ready  for  use 
wlh  w  w  .\\  »|uiier»a  deep  led  color. 
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Heidenhain's  Iron  Hematoxylin. 

Sections  that  have  been  fixed  in  sublimate  solu- 
tions are  placed  in  a  2.5  per  cent,  aqueous 
solution  of  ammonium  sulphate  of  iron  for  four  to 
eight  hours.  Rinse  thoroughly  in  water  and  place 
in  a  hematoxylin  solution  prepared  as  follows : 

Hematoxylin  crystals 1  gm. 

Absolute  alcohol 10  c.c. 

Distilled  water 90  c.c. 

Dissolve  the  hematoxylin  in  the  alcohol  and  add  the 
water.  This  solution  should  stand  in  an  open  vessel 
for  four  weeks,  and  before  using  should  be  diluted 
with  an  equal  volume  of  distilled  water. 

Stain  the  above  sections  twelve  to  twenty-four 
hours,  rinse  in  tap  water  and  return  to  ammonium 
sulphate  of  iron  solution  until  black  clouds  cease  to 
be  given  off  from  the  sections.  Rinse  in  distilled 
water,  dehydrate,  and  mount  in  balsam. 

This  is  a  good  stain  for  mitosis. 

Anilin  Stains. 

These  are  basic  or  acid  stains.  The  basic  stains 
are  safranin,  methylene-blue,  methyl  green,  gentian 
violet,  methyl  violet,  Bismarck  brown,  thionin,  and 
toluidin  blue,  and  stain  nuclei.  The  acid  stains  are 
eosin,  erythrosin,  acid  fuchsin,  orange  G.  and  nigro- 
sin,  and  stain  cytoplasm. 

These  stains  are  used  in  water  solutions  and  of 
i  to  I  per  cent,  strength,  to.  which  a  little  alcohol 
may  be  added. 

Pal-Weigert  Method  of  Staining  Sections  of  Brain 
or  Cord. 

Mordant  celloidin  sections  for  twenty-four  hours 
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in  3  to  5  per  cent,  aqneoas  sohrtioo  of  potassfauD 
bichiDniate.  Wash  in  water  and  transfer  to  the 
foDoiring  stain: 


Alcohol  95  (KTCnt 10  e^ 

Liihiiun  ■■iIbi— u.  aat.  aq.  aeL  I  cc. 
Water 90  c.c 

Dissc4\-e  the  hematoxylin  in  akobol  first,  and  then 
add  the  balance  at  the  time  of  using.  Stain  the 
sections  in  this  for  twenty-four  hours.  Wash  in 
water  and  transfer  to  a  0.25  per  fxnt.  fresh  scdution 
of  potassium  permanganate  for  one-half  to  two  min- 
utes. Wash  freely  in  water  and  place  in  the  follow* 
ing  Pal  solution : 

Oxalic  acid 1  gm. 

Potassium  sulphate I  gm 

Water 200  c.c. 

This  \TiIl  differentiate  the  gray  and  white  matter 
in  one  to  three  minutes.  The  ner\'e  fibers  should 
stain  blue.  If  the  sections  are  too  dark  they  mav 
be  carried  through  the  pennanganate  and  Pal's  so- 
lution a  second  time.  Transfer  to  water  for  several 
hours,  dehydrate,  and  mount  in  balsam. 

For  a  more  complete  description  of  laboratory 
methods,  including  injections,  fixing  of  tissues,  and 
special  staining  methods,  see  the  following  texts: 

"Pathological  Technique,"  Mallory  and  Wright, 
Third  Edition. 

"  Microtomist's  Vademecum,"  Lee. 

Bohm-Davidoff-Huber, "  Histology,"  Second  Edi- 
tion, 1904. 


INDEX 


Abomasum,  192 

Accessory  chromosome,  283 

thyroid  glands,  2 1 1 
Accommodation,  muscles  of,  420 
Acetic-alcohol,  Carnoy's,  472 
Achromatin,  38 
Acid,  chromic,  474 

nitric,  473 

osmic,  472 

picric,  473 

picrosulphuric,  473 
Acini,  214 

Acrodont  dentition,  169 
Adenoids,  180 
Adventitia  of  blood-vessels,  109, 

III 
Agminated  lymph- nodules,  198 
Air  cells  of  lung,.  244 

sacs  of  lung,  244 
Alimentary  canal,   classification, 
136 
lymphatics  of,  205 
nerve-supply  of,  206 
Alum  carmin,  476 
Alveoli  of  lung,  245 
Amitosis,  44 
Amphipyrenin,  38 
Ampulla?  of  Thoma  of  spleen,  133 
Anaphase,  43 
Anilin  stains,  477 
Anisotropic  muscle,  90 
Anterior    gray     commissiu'e     of 
cord,  375 

ground  bundle,  383 

horn  of  cord,  376 
Appendices  epiploicae,  201 
Aqueous  humor,  428 
Arachnoid  of  brain,  386 

of  cord,  373 
Arbor  vitse  of  cerebellum,  398 
Arch,  mandibular,  138 

maxillary,  139 


Archenteron,  30 
Arcuate  fibers,  390-392 

nucleus,  391,  393 
Area  acusticae,  388 
Areas  of  Langerhans,  62 
Areolar  connective  tissue,  72 
Arrector  pili,  348 
Arteries,  109 

helicine,  291 
Arteriosclerosis,  123 
Asthma,  243 
Atheroma,  123 
Atria  of  lung,  244 
Attraction  sphere,  37 
Auditory  meatus,  437 

nerve,  450 
Auerbach's  plexus,  190,  206 
Axis  cylinder  of  nervous  tissue, 

95,  99 


Bartholin's  glands,  300 
Bertini's  columns,  261 
Bile  duct,  220,  222 
Bipolar  nerve  cells,  97 
Bladder,  271 

mucous  membrane  of,  272 

trigone  of,  272 

vessels  and  nerves  of,  274 
Blastophore,  30 
Blood,  116 

crenated  red  blood-corpuscles, 
117 

ghost  corpuscles,  116 

hemin  crystals,  1 20 

hemoglobin,  1 1 6 

platelets,  1 1 9 

red  blood-corpuscles,  1 16 

rouleaux.  116 

stroma,  116 

white  blood-corpuscles,  118 
Blood-poisoning,  134 

479 
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Blood-fvpply  of  booe.  So 

uf  liTAin.  405 

of  Urge  mlesiiiie,  203 

of  lungs^  24> 

of  mujadc.  Ki2 

of  snuU  iniesixne.  203 

of  spinal  cord,  409 

of  stomach.  20s 

of  teeth.  i(]6 

of  lonfue.  I  So 
B]ix>d'VCjisael&.  109 

a4i\^eniitiji  of.  109.  1 1 1 

anerieiN.  109 

cipilLihefs  1 15 

giiirraJ  considerations,  123 

iniinu.  109 

media.  1 10 

of  central  nervous  system,  409 

of  eye.  430 

of  kidney.  266 

of  '^prarenal  bodies,  255 

stii^mata  and  stomaia.  1 16 

vasa  vasonim.  112,  124 
Bixly  cavity.  32 
Bt.ine,  (>6,  Si 

)ilLHxi-<upply  of.  So 

canaliculi.  7S 

cancellaie.  So 

development  of,  81 

dipK*e.  So 

enditchondral.  Si 

general  considerations.  84 

Haversian  system.  7S 

inirameinbranou<^.  Si 

lacuii;e.  77 

ossification  of,  S3 

o>ti.*«»t;eiK'lic  layer.  So 

primary  arimke  of  Shan^ey,  81 

reifeneralioii  of.  S3 

secondary  areohe  of  Shari>ey, 
8j 

SharjKjy's  filx-rs.  So 

Volkmann's  canals.  So 
Bones  of  ear,  43*) 
Borax  carinin,  475 
Bowman's  capsule  of  kidney,  262 

glands,  455 
Brain.  384 

arachnoid  of,  38^1 

blood-supi)ly  of,  4c>9 

development  of,  33,  384 

divisions  of,  3S4 


Brain,  dura  of.  3 85 

meninges  of.  385 
j     Pia  of.  385 
Bronchi.  240 

cpanerial.  350 

hyparterial.  ^50 

respiratory.  244 
Brunner's  glands.  199 
Burdach's  columns.  379.  380, 3S7. 

390 


Calamus  scriptorius,  378 
Canal  of  Petit.  430 

of  Schlemm,  415 
Caualiculi.  bone.  78 
Cancellate  bone.  80 
Capillaries,  115 

l\*mphatic.  125 
Ca|isule,  lens,  428 

of  Glisson.  21S,  221 

of  kidney.  Bowman's,  262 

Tenon's.  415 
CarlKin.  19 
Cardiac  muscle.  S7 
Carmin.  alum.  47O 
^  l»orax.  475 

Canioy's  ai.vtic-alcohol,  472 
Cartilage.  66.  74 

elastic.  76 

general  considerations.  77 

hyaline.  75 

lacuna*  of.  73.  75 

of  trachea.  240 

white  til  irons,  76 
Cartilages  of  larynx.  231 
Casts  of  kidney,  tubular.  265 
Cauda  equina,  371 
Cell.  23.  25 

air,  of  lung,  244 

cleavage  «>f.  laws  of.  44 

C(»lumn.     \Valde\er's     central, 

37/» 
c«»rlical,  3<>9 
decidual,  327 
detined.  26.  35 
Deiters'  supiHirling.  449 
endothelial,  of  artery,  109 
fat.  55 

general  considerations,  45 
giant.  122 
goblet.  5S 
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Cell,  inclusions  of,  39 

interstitial,  of  testis,  62 

mast,  1 19 

membrane  of,  39 

mossy,  104 

multipolar,  98 

nerve,  bipolar,  97 
of  posterior  horn,  375 

unipolar,  96 

of  connective  tissue,  66 

of  Hansen,  445 

of  liver,  227 

of  marrow,  122 

parietal,  of  salivary  glands,  210 

pigment,  67 

plasma,  69 

polymorphic,  of  cerebrum,  405 

polynuclear,  119 

prickle,  341 

Purkinje's,  400 

pyramidal,  of  cerebrum,  405 

spider,  104 

stellate,  of  cerebellum,  399 
of  KupflFer,  229 

tactile,  365 

theory,  34 

wandering,  69,  1 19 
Celloidin  imbedding,  459 
advantages  of,  461 
disadvantages  of,  461 

sections,  staining  of,  462 
Cementoblasts,  163,  164 
Cementum,  159 
Centro-acinal   cells  of   pancreas, 

214.  215 
Centrosomcs,  37 
Cerebellar  tract,  direct,  380 
Cerebellum,  398 

arbor  vitae  of,  399 

climbing  fibers  of,  401 

cortical  cells,  399 

granular  layer,  401 

inferior  peduncle  of,  388 

medullary  substance,  401 

mossy  fibers,  401 

Purkinje's  cells,  400 

stellate  cells,  399 
Cerebrospinal  system,  104,  105 
Cerebrum,  403 

fibers  of,  405 

medullary  substance,  406 

molecular  layer,  403 

31 


Cerebrum,  polymorphic  cells,  405 

pyramidal  cells  of,  405 
Ceruminous  glands,  437 
Cervical   enlargement   of   spinal 

cord.  371 
Chondrin,  73 
Chorion,  328 
Chorionic  villi,  329 
Choroid  coat,  418 

fissure,  411 
Chromatin,  38,  41 
Chromic  acid,  474 
Chromosomes,  28,  42 

accessory,  283 

daughter,  42 

in  mitosis,  40 

synapsis  of,  281 
Ciliary  body,  420 

muscles,  420 

l)rocesses,  420 
Circulatory  endocardium,  108 

epicardium,  108 

heart,  108 

myocardium,  108 

system,  108 
Circumvallate  papillx  of  tongue, 

176 
Clarke's  column,  376,  380 
Clava,  388 
Cleavage,  28 

of  cells,  laws  of,  44 
Cleft  palate,  142 
Climbing  fibers  of  cerebellum,  401 
Cochineal  solution,  475 
Cochlea,  440,  443 
Coelenteron,  30 
Cohnheim's  fields,  89 
Collaterals,  95 
Colostrum,  334 
Column  of  Bertini,  261 

of  Burdach,  379,  380,  387,  389 

of  Clarke,  376,  380 

of  Goll,  379,  380,  387,  389 

of  Sartoli,  277 
Comma  tract,  379,  380 
Commissure,    posterior   gray,   of 

cord,  375 
Cone,  implantation,  loi 
Conjunctiva,  433,  434 
Connective  tissue,  66 
areolar,  72 
cells  of,  66 
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.    Cutis 


Coriu 


70 
embryonic,  66 
diagnostic  points  of,  73 
libers  of,  70 

general  considerations,  71 
products  of,  6<i 
■reticular,  71 
white  fibroim.  70 
yellow  elastic,  71 

n.  ,141 


Cornea.  ..   „ 
Corneum,  339 
Corona  radiata,  308 
Coronary  cushion,  3<,4 
Corpora  cavernosa.  J89 

lulea,  62,  313 
Corpus  spongiosum.  ;8q 

Corpuscles,  genital,  367 
ghost.  116 
Grandry's,  36s 
Malpighiaii,  261 

of  kidney.  262 

of  sp]e«n,  132 


Mei: 


.,,1(16 


of  Hassal. 

of  Herbst,  V66 

of  HighmorL-,  176 

Pacinian,  369 

red  blood-.  1 16 
crenated,  1 1 7 

white  blooil.  i  iM 
Corrosive  sublimate.  473 
Cortex  of  kidney,  261 
Cortical  cells.  399 
Corti's  organ,  447 

rods,  44H 
Cowper's  lilands.  mj 

Creiiu(i-il    red    blood -corpuscles. 


\ 


•!37 

Crossed  pyramidal  tract.  3H1 
Crura  cerebri,  miH 
Crypts  of  I.iclterkuhn,  197 

of  stomach.  1M6 
Crystals,  liemin,  uo 
Cushion,  coronary.  354 
Cuticle.  50 
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Cutting  sections.  462 

Cystic  duct,  220,  222,  223 

Cysts,  seliaceous,  359 

Cytogenic  glands.  jS.  61 

Cytolymph,  36,  39 

Cytoplasm,  36,  39 

Czermak's   interglobular   spaces. 


DANDRtIPP,  3S9 

Dartos,  275 

Daughter  chrotnosomes,  42 

Dei'idu*;  3iS 


Dehiscent  glands,  5!).  62 
Dehydrating,  459 
Deiters'  nucleus,  3S; 

Importing  cells.  449 
Demilunes  of  lleidenhain,  : 
Dendrite.  96 

uJn.  tf,S 

econdary.  1.17 


Deni 


169 


.  34' 


Dcsccmcl's  membrane,  416,  417 
Determination  of  sex.  183 

influcnct-s  alTecting.  284 
Deuloplasm,  .109 
I>evelopmenl.  general,  23 

of  iHjue.  Xi 

of  brain.  33,  384 

of  Iccth.  [70 
Diad.  2K2 
Diasler,  4,3 
Digestive  glanils.  207 
Diplue.  Ko 
Direct  coreliellar  tract,  3S0 

pyramidal  tract,  383 
Discus  proligerus.  30^ 
Dissociation   of   tissue  elements, 
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Duct,  Hensen's,  443 

hepatic,  222 

lactiferous,  333 

of  Santorini,  214 

of  Wirsung,  213 
Ductless  glands,  62 
Ductus  endolymphaticus,  441 

reuniens  of  Hensen,  446 
Dura  of  brain,  385 

of  cord,  372 


Ear.  bones  of,  439 

external,  437 

internal,  440 

labyrinth  of,  440 

middle,  438 
Ectoderm,  30 
Ectosarc,  37 
Ejaculalory  duct,  286 
Elastic  cartilage,  76 
Eleidin,  340 
Embryology,  23 

Embryonic  connective  tissue,  66 
Enamel,  147 

rods,  directions  of,  150 
Encephalon,  344 
Endocardium,  circulatory,  108 
Endochondral  bone,  81 
Endolymphatic  duct,  441 
Endometrium,  321 
Endomysium,  88 
Endoneurium,  104 
Endosarc,  37 
Endothelial  cells  of  artery,  109 

layer  of  artery,  109 
Endothelioma,  63 
Endothelium,  62 
End-plate  muscle,  361 
Enlargement,  lumbar,  of  spinal 

cord,  371 
Entoderm,  30 
Environment,  25 
Eosinophils,  119,  122 
Eparterial  bronchus,  250 
Epicardium,  circulatory,  108 
Epidermis,  339 
Epididymis,  286,  287 
Epidural  space,  373 
Epimysium,  88 
Epineurium,  104 
Epithelial  glands,  57 


Epithelial    glands,    classification 

of,  61 
Epithelioma,  63 
Epithelium,  43,  52,  54 

germinal,  356 
Epoophoron,  317 
Erythrocytes,  116      "* 
Esophagus,  182 
Eustachian  tube,  439 
Excretory  ducts  of  testicle,  284 
Exolemma,  loi 
Exophthalmic  goiter,  237 
External  ear,  437 
Eyes,  41 1 

blood-vessels  of,  430 

coats  of,  413 

refractory  media  of,  428 

tunica  externa  of,  414 


Fallopian  tubes,  313 
development  of,  316 
structure  of,  315 
Falx  cerebelli,  385 

cerebri,  385 
Fascia,  cremasteric,  275 

infundibuliform,  275 

intercolumnar,  275 
Fasciculi  of  muscle,  88 
Fasciculus  solitarius,  388 

teres,  393 
Fat  cells,  55 
Fauces,  137 
Fenestra  ovales,  441 

rotunda,  445 
Fenestrated  membrane  of  Henle, 

109,  no 
Ferrein's  pyramids,  261 
Fertilization,  27 
Fibers,  arcuate,  390-392 

climbing,  of  cerebellum,  401 

medullated  nerve,  99 

mossy,  401 

nerve,  99 

non-medullary,  103 

of  cerebrum,  405 

of  connective  tissue,  69 

posterior  root  of,  termination, 
380 

Sharpey's,  80 
Fibrillar  mass,  36 
Fibrils  of  nervous  tissue,  103,  104 


4S4  15" 

FibnMut.  I A  J.  164 

Fihfflrm  pai>tllx  of  toocuc,  175 

FiOet.  3«T 

Filum  tcraiiiulc.  371 

F»mtc  cbciroMl.  4)  ■ 

Fin*>KS  ol liver.  ;i7 
of  spinal  cord.  J73 

FixhtK  and  haTdnine  tissaes,  437 

Flnmnins's  solution.  471 

Fluid.  Muller's.  474 

F-i)air  japillx  of  icaeut.  179 

F^llide.  Cnanan.  J04.  30s 

Foll:r1r'  ■>(  hair.  345 

FnllicuLiT  duid.  wA 
iiands.  f<2 

Fixid.  induence  of.  on  sei  deter- 
mination. 1S4 

FvTamai  cecum  d  medulla,  JS9 
oT  ton{:ue.  174 
of  U'inslow.  ;  r9 

pot  jsfium  bichromate  and.  475 
F<>mijiio    reticularis.    391,    393, 

Fovea  ccmr.ili:!.  416 
Fii^ij  sensory  nerve  endings.  364 
Frcnum.  liii):ual.  174 
Ftv>s.  35 1 

Funcifivm     )>apillf    of     Ionise. 
175.  176 

IS.  3R7.  390 


GAU.-BL.\DDeH.  ::: 
Ganglia.  q<i 
Ganglion,  spiiiial.  97 

Gastric  glands.  1S7.  iS 

Gastmla  stage.  ;q 

Gelatinosa    sul>statitia   Rolando, 

J7.S 

Genital  corpuscles,  367 
Germ  layer,  derivatives  of,  33 
Germinal  epithelium,  356 

spot.  3  to 

vesicle,  309 
Ghost  corpuscles,  :  16 
Giant  cells,  111 
Gianuui's  crescents,  110 


GUnds,  c>-togea>c.  58,  61 


1.57 


.  38,  61 

ductless,  63 

epithelial,  57 

dasoficatioo  of,  6i 

((dlicular,  61 

bemolsinph.  129 

lymph,  57,  62,  137 

of  Bartholin,  301 

of  Bowman.  455 

of  Littre,  397 

of  Mrfl.  4.13 

of  MoniKomery,  Xi5 

(rf  penis,  189. 190,  39a 

ol  Tyson,  290 

suprarenal.  62,  25 j 

th>Toid.  63 

unicellular.  57.  61 
Glisson's  capsule.  218,  121 
Globus  n:ajoT,  385 

minor.  .'85 

Goblet  nils.  58 
Goiter  ;37 

exophthalmic,  137 
Gtdl's  column.  379,  3C0,  387   390 
Gowcr's  tract.  3R0 
Graafian  folliole.  304.  305 
follicular  fluid.  306 
stratum  iiranulnsum,  306 
thtca,  306 
Grandry's  corpuscle.  365 
Granular  layer,  Tomes',  156 
Granules.  zymoKcn,  of  pancreas. 


matter  of  pons,  396 
of  spinal  cord,  375 
Ground  bundle,  anterior,  ^^1^3 


Haih,  343 

follicles  of.  345 

papill.-c  of,  34R 

■  Hairs,  tactile,  346 

Hansen's  cells,  449 

.  Hardening  tissues,  4,S7 

I  Hassal's  corpuscles,  130 

I  Haversian  system  of  bone,  78 
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Heart,  circulatory,  loS 
Heidenhain's  demilunes,  210 
Helicine  arteries,  291 
Hematoblasts,  122 
Hematoxylin,  476 
Hemin  crystals,  1 20 
Hemoglobin,  116 
Hemolymph  glands,  129 
Hemolysis,  124 

Henle's    fenestrated    membrane, 
109.  no 

layer,  346,  347 
Hensen's  duct,  443 

ductus  reuniens,  446 

median  disc,  90,  91 
Hepatic  cords,  226 

duct,  222 
Herbst's  corpuscles,  366 
Heredity,  24,  47,  48 
Highmore's  corpuscles,  276 
Hilus  of  kidney,  259 
Histology,  23 
Hoof  horn,  354 

matrix,  354 

of  horse,  351 

tubes,  354 
Horny  laminae,  351 
Humor,  aqueous,  428 

vitreous,  412,  430 
Huxley's  layer,  344,  347 
Hyaline  cartilage,  75 
Hyaloid  membrane,  430 
Hyaloplasm,  36,  39 
Hydatid  of  Morgagni,  287 
Hydrogen,  19 
Hyparterial  bronchi,  250 
Hypoderm,  30 
Hypophysis  cerebri,  62 


Imbedding,  459 
celloidin,  459 

advantages  of.  461 
disadvantages  of,  461 
parafHn,  460 

advantages  of,  462 
disadvantages  of,  462 
Implantation  cone,  101 
Inferior  peduncle  of  cerebellum, 

388 
Infundibuliform  fascia,  275 
Infundibulum  of  lung,  247 


Insensitive  lamina,  35 1 
Intercellular  bridges,  49 

spaces,  49 
Intercolumnar  fascia,  275 
Interglobular  spaces  of  Czermak, 

156 
Internal  ear,  440 
Interstitial  cells  of  testis,  62 

elements  of  testes,  278,  279 
Intestine,  large,  200 

blood-supply  of,  203 

coats  of,  201 

sacculae  of,  200,  201 
small,  194 

blood-supply  of,  203 

mucosa,  194 

muscular  layer,  200 

serosa,  200 

submucosa,  199 

villi  of,  196 
Intima  of  blood-vessels,  109 
Intramembraneous  bone,  81 
Involuntary     muscle,     distribu- 
tion of,  86 
Iridica  retinae,  428 
Iris,  420 
Isotropic  muscle,  90 


Jaundice,  222 

Jelly,  Wharton's,  67,  331 


Karvokinbsis,  40 
Karyolymph,  38 
Karyoplasm,  39 
Keraphyllous  tissue,  351 
Keratin  granules,  354 
Keratohyalin,  340 
Kidney,  257 

blood-vessels  of,  266 

Bowman's  capsule  of,  262 

cortex  of,  260 

development  of,  259 

hilus  of,  259 

labyrinth  of,  261 

Malpighian  corpuscle  of,  262 

medulla  of,  260 

medullary  rays  of,  261 

nerves  of,  269 

pelvis  of,  260 

renal  sinus,  278 
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Kidney,  stractnre  of.  259 

tubalesoC,  262 
KnotSk  nuclear  net,  40 
Krune's  menibrane;  90 
Kupfiier*s  stdUate  cdb.  239 


LAnoKATORY  ducctioos,  450 
Labyrintli  oC  tntenud  enr,  440 

oC  kidney,  261 
Lacrimal  apparatus,  435 

groove,  141 
Lacteab,  196 
Lactiferous  duct,  ^i 
Lacun«,  bone.  77 

of  cartilage.  7J.  75 
Lamelbe,  352 
Lamina  <^oroidea.  415 

cribrosa,  414,  427 

fusca,  415 

homy,  J51 

reticularis.  450 

iiisensitiN-e.  35 1 ,  353 

spiralis.  444 

sensitive.  351.  353 

vascular.  351,  353 
Laminitis.  355 

Langerhans,  areas  of.  62,  21^ 
Lantermanu-Schmidt     scgnients, 

103 
Large  intestine.  200 

blood-supply  of.  J03 
coats  of.  201 
sacculoe  of,  ayo,  201 
Larynx.  231 

cartilages  of,  2,\  1 

mucous  nicinl>ranc  of,  233 
Lateral  honi  of  cord.  376 
Laws  of  cell  cleavage.  44 
Layer,    endothelial,     i>f     artery, 
109 

Henle's,  346.  347 

Huxley's,  346.  347 

Malpighian,  341 

Tomes*  granular.  1  s6 

Weil's.  159 
lAMuniscus,  397 
Lens,  411,  428.  429 

capsule,  428 
LemxK^ytes,  1 1 S 

large  mononueleated,  119 
Lieberkiihn's  crypts,  197 


Licaments  of  liver.  317 
Ligamentum     sp^ale 

443 
Ungual  fremun«  174 

Ltngula,  391 
Lintn,  38 
Lipoaia,69 

Lissauer's  marginal  ground  bun- 
dle, 379 
Littr6's  glands,  297 
I4ver,  216 

blood-supply  of,  219 

ceOs  of«  227 

fissures  of,  217 

function  of,  227 

ligaments  of ,  217 

IcJxsof,  217 

lobules  of,  218 

lymphatics  of,  229 

nerves  of,  229 
Lowenthal's  tract,  382 
Lumbar  enlargement    of   spinal 

cord,  371 
Lungs,  242 

air  cells  of,  244 
sacs  of.  244 

alveoli  of,  245 

atria  of,  244 

blood-supply  of.  248 

infundibulum  of.  247 

lobules  of,  245 

lymphatics  of,  251 

nerves  of,  252 

respiratory  bronchi,  244 

structure  of,  244,  247 
Lunula.  350.  351 
Lygoeus  bicnicis,  47 
Lymph  duct,  thoracic.  126 

glands,  57,  62,  127 

nude,  agminated.  198 
function  of,  133 
solitary,  128 
Lymphatic  capillaries.  125 

vessels,  125 
Lymphatics  of  alimentary  canal, 

of  liver.  229 

of  lungs,  25 1 

of  mammary  glands.  336 

of  testicle   289 
Lymphocytes.  1 19 
Lymphoglandula^.  57.  62 
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Macula  acustica  sacculi,  442 
utriculi,  442 

lutca,  426 
Malpighian  corpuscle  of  kidney, 
262 
of  spleen,  132 

layer,  346 

pyramids,  260 
Mammary  glands,  332 
lymphatics  of,  336 
nerves  of,  335 
vessels  of,  335 
Mandibular  arch,  138 
Marrow,  121 

cells  of,  122 

myelocytes,  122 
Masculine  uterus,  293 
Mast  cells,  1 19 
Matrix,  350 
Maturation,  25,  27,  311 
Maxillary  arch,  139 
Meatus,  auditory,  437 
Meckel's  diverticulum,  194 
Median  raphe,  397 
Medulla,  foramen  cecum  of,  389 

of  kidney,  260 

pyramids  of,  391 
Medullary  rays  of  kidney,  261 

sheath,  99,  loi 

substance  of  cerebrum,  406 
Mcdullated  nerve  fibers,  99 
Meibomian  glands,  433 
Meissner's  corpuscles,  366 

plexus,  190,  206 
Melanin,  68 
Melanotic  sarcoma,  73 
Melting-point  of  paraffin,  460 
Membrana  basilaris,  445 

cochlea,  446 

eboris,  158 

tectoria,  450 
Meninges  of  brain,  385 

of  cord,  372 
Menstruation,  305,  324 
Mesial  olivary  nucleus,  391 
Mesoblastic  somites,  33 
Mesoderm,  31 
Mcsonephros,  258,  259 
Mctancphros,  259 
Metaphase,  42 
Microsomes,  36 
Middle  ear,  438 


Milk  sinus,  333 
Mitosis,  40 

chromosomes  in,  40 

reduction,  27,  281 

somatic,  27 
Mixed  lateral  bundle,  318 
Modiolus.  444 

Molecular  layer  of  cerebrum,  403 
Moll's  glands,  433 
Monads,  283 
Monaster,  41 

Montgomery's  glands,  335 
Morgagni's  hydatid.  287 
Morula  stage,  29 
Mossy  cells,  104 

fibers,  391 
Mother  skein,  41 
Motor  decussation,  318,  389,  391 

nerve  endings,  361 
Moulting,  348 

Mounting  tissues  on  block,  459 
Mouth,  136 
Mucigen,  210 

Mucous  coat  of  small  intestine, 
194 
of  stomach,  185 

membrane,  defined,  59 
of  larynx,  233 
of  trachea,  242 

tissue,  67 
Miiller's  fluid,  474 
Multipolar  cells,  98 
Mumps,  209 
Muscle,  85 

anisotropic,  90 

blood-supply  of,  92 

cardiac,  87 

ciliary,  420 

Cohnheim's  fields,  89 

endomysium,  88 

end- plate,  361 

epimysium,  88 

fasciculi  of,  88 

general  considerations,  93 

Hensen's  median  disc,  90,  91 

involuntary,  distribution  of,  86 

isotropic,  90 

Krause's  membrane,  90 

myoma,  93 

nerve-supply,  92,  93 

non-?triated,  peripheral  nerve 
terminations  in,  362 
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Muscle  of  accommodation,  420 

of  skin»  342 

perimysium.  88 

red,  92 

sarcolemma,  89 

sarcomere,  91 

sarcoplasm,  89 

sarcostyle,  86,  89 

sarcous  element,  91 

spindle,  370 

striated,  i)eripheral  nerve  ter- 
minations in,  361 

voluntary,  88 

distribution  of,  93 

white,  91,  92 
Muscular  layer  of   small   intes- 
tine, 200 
of  stomach,  190 
of  uterus,  322 

tissue,  85 
Myelocytes,  122 
Myeloi)laxes,  122 
Myocardium,  circulatory,  108 
Myoma,  93 
Myotomes,  xi 
Myxedema,  237 


Nail  leaves,  351 
Nails,  349 

Nasofrontal  process,  140 
Nerve,  auditory,  450 
cells,  bipolar.  97 

of  jwsterior  horn,  375 
unipolar,  96 
endings,  free  sensory,  364 
motor,  361 
sensor\',  363 
fibers,  99 

meduUated,  99 
non -medullary,  103 
plexus,  96 

supply    of    alimentaiy    canal. 
206 
of  muscles,  92,  93 
of  teeth,  167 
of  tongue,  180 
terminations,  peripheral,  361 
in  non-striated  muscle,  362 
in  striated  muscle  361 
Nerves  of  kidney,  269 
of  liver,  229 


Nerves  of  lungs.  252 
of  mammary  gland,  335 
of  suprarenal  bodies.  256 
of  testide,  289 
of  uterus,  323 
spinal,  374 
Nervous  system,  central,  blood- 
vessels of,  409 
tissue,  94 
axis  cylinder,  95.  99 
bipolar,  nerve  cells,  97 
classification  of,  96 
collaterals,  95 
dendrite,  96 
endoneurium,  104 
epineurium,  104 
exolemma,  loi 
fibrils,  99,  iQO 
funiculus  of.  104 
ganglia,  96 

general  considerations,  106 
implantation  cone.  loi 
medullary  sheath,  99,  loi 
medullated  nerve  libers,  99 
multipolar  cells,  98 
nerve  fibers,  99 
plexus,  96 
tnmk,  104 
neuroma,  106 
neuron,  94 

theory,  107 
neuroplasm,  loi 
neurojx)dia,  104 
node  of  Ranvier,  103 
non-medullary  nerve  fibers, 

103 
perineurium.  104 
Schmidt-Lantermanu    seg- 
ments, 103 
spinal  ganglion,  97 
•     unipolar  nerve  cells,  96 
Net  knobs,  nuclear,  40 
Neumann's  sheaths,  156 
Neural  canal,  ^3 

gr(K)ve,  371 
Neuroglia,  104,  406 
Neuroma,  106 
Neuroniere,  384 
Neuron,  94 

theory,  107 
Neuroplasm,  101 
Neuropodia,  104 
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Neutrophiles,  119 

Nipple,  331 

Nitric  acid,  473 

Nitrogen,  19 

Nodes,  lymph,  function  of,  133 

Ranvier's,  103 

solitary  lymph,  197 
Nodules,  agminated  lymph,  198 
Nuclear  membrane.  473 

sap,  38 
Nuclei  pontis,  397 
Nucleolus,  38 
Nucleoplasm,  39 
Nucleus,  37 

arcuate,  391,  393 

cuneatus,  379 

Deiters*,  382 

gracilis,  379 

mesial  olivary,  391 

solitary,  393 

StiUing's,  376 

Odontoblasts,  156,  158 
Olfactory  organ,  449 
Olivary  body,  389,  393 

nucleus,  mesial,  391 
Olive,  superior,  397 
Omasum,  192,  193 
Ontogeny,  24 
Optic  papilla,  427 

vesicle,  primary,  411 
secondary,  411 
Ora  serrata,  427,  428 
Organ,  defined,  23,  25 

of  Corti,  447 
Osmic  acid,  472 
Ossification  of  bone,  83 
Osteoblasts,  84,  122,  165 
Osteoclasts,  84,  122,  165 
Osteogenetic  layer  of  bone,  80 
Os  uteri,  319 
Otoliths,  442 
Ovaries,  301 

tunica  albugmea,  303 
Ovulation,  25,  26,  305 
Ovules,  58 
Ovum,  23,  304,  308 
Oxygen,  19 

Pacinian  corpuscle,  369 
Palate,  142 


Palate,  cleft,  142 

Pal-Weigert  stain,  477 

Pancreas,  212 
centro-acinal  cells  of,  214,  215 
zymogen  granules  of,  214 

Papilla  of  hair,  348 
of  tongue,  175 
circumvallate,  176 
filiform,  175 
foliate,  179 
fungiform,  175,  176 
optic,  427 

Paradidymis,  287 

Paraffin  imbedding,  460 
advantages  of,  462 
disadvantages  of,  462 
melting-point  of,  460 
sections,  staining  of,  463 
solidification  of,  461 

Paralinin,  38 

Paraplasm,  36 

Parathyroids,  238 

Parietal  cells  of  salivary  glands, 
210 

Paroophoron,  317 

Parotid  glands,  99,  loi 

Parotitis,  209 

Parovarium,  317 

Pars  ciliaris  retinae,  420 

Patches,  Peyer's,  129,  198 

Peduncle,    inferior,    of    cerebel- 
lum, 388 

Pelvis  of  kidney,  260 

Penis,  289 
glands  of,  289,  290,  292 

Pepsin,  188 

Pepsinogen,  188 

Perichondrion,  75 

Peridental  membrane,  161 

Perimysium,  88 

Perineurium,  104 

Periosteum,  80 

Peripheral    nerve    terminations, 
361 
in     non-striated     muscle, 

362 
in  striated  muscle,  361 

Peritoneum,  63 

Petit 's  canal,  430 

Peyer's  patches,  129,  198 

Pharyngeal  tonsils,  180 

Pharynx,  180 
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Iliyliiiicny,  34 
]>iii  i)f  brain.  .^Sa 

of  Biiinal  cord,  37 i 
Picric  acid,  473 
Pi<rrosiil|ihiiru-  acid,  47J 
Pigment  cells.  67 
Pigment  11 1  ion,  7,1 

T'lalck■I-\^li"mlci,  119 
llviira,  6.1,  243 
Ili-iirodunt  dentition,  169 
Plexus,  Auutbacli's,  t^O,  206 
Mcissner's.  19a,  3(16 
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lonciliidiiial 

Polassiutn     lichromalc  and   for- 

nlnlin,  475 
I'riKiuiiiiy,  ,127 
I'ri'iiaraiiiiii  of  nialcrial.  4.^(1 
J'TfimriiiR  tissue,  review  cif,  464 

Prickle  ci'lls.  .141 
1'riM.i'ssuK  reticularis,  37G 
Pnini-iihniN,  35» 
1'niiiuclciis,  17 
Prophase.  41 
Prostate  glioiil,  297 
*mstatic  Sium.  293 
Protoplasm,    7  35 

elements  yielded  by.  19 

rnclamorpliosi!!  of,  ju 

liroiwrlii-s  of.  iS.  'o 

IliL-ory,  ,15 


Pyramidal  cells  of  cerebrum.  405 

tract,  cro&sed,  381 
direct.  383 
Pyramids.  Malpighian,  3te 

of  Ferrein,  361 

of  medulla.  391 

Ran  visit's  node,  103 
Rai>hc,  median.  397 
Receptaculum  chyli,  136 
Red  blood-corpuscles,  116 
crenated,  1 1 7 

muscle.  92 
Reduction  mitosb.  27,  281 
licfractory  media  <i(  eye.  428 
Reuentration  of  liont.  83 
Reuisner's  memlininc,  446 
kcnal  smus,  260 
Reproductive  organs  in   female, 

30s 
Respiratory  bronchi.  244 
Rcstiform  liodv.  18H 
Rete  testis.  27^,  284 
Reticular  connective  tissue.  71 
Reticulum,  192.  193 
Retina,  421 
Relzius'  lines,  t49 
Review  of  i>rei«irinB  tissue,  464 
Rods  of  Corii,  448 
Rolando's  substantia  gelatinosa. 

.175.  391 
Rouleaux,  iid 
Rufini  corpuscles,  354 
Rumen.  192 
Ruininunts.  stomach  in,  192 


iiarietal  cells  of,  : 
Kanlorini's  duel.  114 
Sap,  nuclear.  38 
SurciKie,  H5 
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Sarcoplasm,  89 
Sarcostyle,  86,  89 
Sarcous  element  of  muscle,  91 
Sartoli's  column,  277 
Scala  tympani,  446 

vestibuU,  446 
Schlemm's  canal,  415 
Schmidt-Lantermann    segments, 

103 
Sclera,  151 

Sebaceous  cysts,  359 

glands,  359 
Sebum,  359 
Secondary  dentin,  157 
Secreting  membranes,  62 
Sections,  cutting,  462 
Segmentation,  28 
Segments,  Schmidt-Lantermann, 

103 
Semen,  288 

Semicircular  canals,  440,  443 
Seminal  vesicles,  286 
Sensitive  lamina,  35 1 ,  353 
Sensory  decussation,  390 
nerve  endings,  363 
free,  364 
Serous   coat   of   small   intestine, 
200 
of  stomach,  190 
membrane,  defined,  60 
Sex,  determination  of,  48,  283 

influences  affecting,  284 
Sharpey's  fibers,  80 
primary  areola,  81 
secondary  areolae,  82 
Sheaths  of  Neumann,  156 
Sinus,  milk,  333 
pocularis,  293 
prostatic,  293 
renal,  260 
Skein,  daughter,  43 

mother,  41 
Skin,  337 

layers  of,  339 
muscle  of,  342 
Small  intestine,  194 

blood-supply  of,  203 
mucosa,  194 
muscular  layer,  200 
serosa,  200 
submucosa,  199 
Smegma,  290 


Sole  plates,  361 
Solidification  of  paraffin.  459 
Solitary  lymph-node,  128 

nucleus,  393 
Somatic  mitosis,  27 
Somatopleure,  31 
Somites,  mesoblastic,  33 
Spermatids,  278,  281 
Spermatoblasts,  278 
Spermatocytes,  278 

primary,  281 

secondary,  281,  282 
Spermatogenesis,  281,  282 
Spermatogonia,  277 
Spermatozoa,  58,  280 

influence  of,  on  sex  determina- 
tion, 284 

structure  of,  284 
Sphere,  attraction,  42 
Spider  cells,  102 
Spinal  cord,  371 

anterior     gray     commissure 

of.  375 
horn  of,  376 
arachnoid  of,  373 
blood-supply  of,  409 
Cauda  equina,  371 
central  canal  of,  375 
cervical  enlargement,  371 
dura  of,  372 
filum  terminale,  371 
fissures  of,  373 
gray  matter  of,  375 
lateral  horn  of,  376 
lumbar  enlargement,  371 
membranes  of,  372 
meninges  of,  372 
origin  of,  33 
pia  of,  373 
posterior    gray    commissure 

of,  375 
horn  of,  375 
tracts  of,  379 

summary,  394 
white  matter  of,  376 
ganglion,  loi 
nerves,  374 
Spindle  muscle,  370 
Spiral  ganglia,  ^50 
Spirem,  41 
Splanchnopleure,  31 
Spleen,  135 
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momh,    I'er  Clinic  Year  (July  to  May),  sixmimbersi  Cloth,  Sl4.oonel- 
EXCLUSIVELY  INTERNAL  MEDICINE 

In  The  Mcoicai.  Clivics  of  North  Ailli;Hn.-A  subscribers  will  receive 

a  postgradualc  course  of  unusual  scope,  giving  ihem  ihe  cliniciil  tcsching 
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Musser  and  Kelly's  Treatment 


Practical  Treatment.  By  io3  eminent  specialists.  Voi- 
umci  /,  //,  (;«,////.  edited  by  John  H. Musser,  M.D.,  and  A.  O. 
j.  Kei.lv,  M.  D.  Each  an  octavo  of  950  pages,  illustrated. 
Cloth,  (6.00  net ;  Half  Morocco,  ^7.50  net.  Volume  fV,  edited 
by  John  H.  Mussf.r,  Jk..  M.  D.,  and  Thomas  C.  Kellv,  M.  D. 
Octavo  of  1000  pages,  illustrated.  Cloih.  S7.00  net.  ««. '«" 
VOLUME  IV-AU  the  New  Tre»lmeiil»-JUST  OUT 

The  newest  developments  of  the  past  few  years  con^litut?  the  subjecl- 
nutter  of  Volumt  IV.  Bacteriology,  electro-  and  rBntgen-lhcrapy,  the 
endocrine  glands,  serum  therapy,  emetin,  pituilnry  eitract.  pollen  protein 
in  hay-fever,  synthetic  chemistry,  stnrvation  treatment  in  diabetes  diver- 
ticulitis, intestinal  stasis,  artificial  pneumothorax  in  tuberculosis.  Schick 
test  in  diphtheria,  Dakin's  solution,  occui>ational  diseases,  acidosis — these 
are  but  a  few  of  the  topics  that  make  this  book  the  Treatment  that  will 
eive  you  more  service — btltrr  seriice^ — than  any  other. 
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Thomson's  Clinical  Medicine 

Clinical  Medicine.  By  \Villiam  Hann.\  Ihomson,  M.D., 
LL.  D,,  formerly  Professor  of  the  Practice  ol"  Medicine  and  erf 
Diseases  of  the  Nervous  System,  New  York  University  Medical 
College.     Octavo  of  667  pages.     Cloth,  $5.00  net 

pgbUihed  Jniw.  1414 

A  RECORD  OF  50  YEARS 

This  new  workre|iresenli  oter.i  half  ctnlu'y  of  ailivt  prailice  and  Uatkr 
tag.  li  c]«aU  wilh  beHdde  rocdiciue — the  applicalian  of  ineilical  knowledge 
for  ihe  reliEf  of  the  uck.  First  the  intnniag  oi  common  anil  miporlmt  sym^ 
toms  ia  stated  dtfinilily  ;  then  follows  a  chapter  on  ihr  use  of  remedies  and 
■  elusRcnlion  of  ihem :  next  the  section  on  infections,  and  Inst  a  section  on 
diseases  of  particular  organs  md  (issues.  An  important  chajitcr  is  Ihnl  on  the 
mechanism  of  surface  chill  and  ''catching  cold,"  going  vfi;  clearly  into  the 
etiologic  (actors,  and  outlining  the  treatment.  The  chapter  on  remedies  takes 
up  non-medicianl  and  medicinal  remedies  end  'jacdtu  and  strum  ihirafiy. 
The  infectious  diseases  arc  taken  up  in  Part  II.  H+ile  Part  III  deals  wi'tli 
diseases  of  special  organs  or  tissue!-  -«  beio-J  ("Hv  presented  from 

(he  cHnital  lidf. 
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Tousey's  Medical  Electricity^ 
R6nt|(en  RaySt  and  Radium 

Medical  Electricity,  Rontgen   Rays,  and  Radium.    By 

Sinclair  Tousey,  M.  I).,  Consulting  Surgeon  to  St.  Bar- 
tholomew's Hospital,  Xew  York.  Octavo  of  1219  pages,  with 
801    illustrations,     19   in    colors.       Cloth,    J7.50    net. 

Published  Februjuy,  1915 
SECOND  EDITION.  RESET 

Tlie  revision  for  this  edition  was  extremely  heavy  ;  new  matter  has  increased 
the  size  of  the  lx)ok  by  some  loo  pages.  About  50  new  illustrations  have  been 
added.  The  new  matter  added  includes  :  Diathermy,  sinusoidal  currents, 
radiography  with  intensifying  screens,  rdntgenotherapy,  the  Coolidge  and 
similar  R5ntgen  tubes  and  the  author's  method  of  dosage,  and  radium  tlierapy. 
The  book  has  been  enriched  by  including  several  of  Machado^s  tabular 
classifications  of  electric  methods,  effects,  and  uses. 

Throughout  the  entire  work  everything  concerning  electricity,  jr-rays,  and 
radium  in  medicine,  as  well  as  phototherapy,  is  explained  in  detail — nothing 
is  omitted.  It  tells  you  how  to  equip  your  office,  and,  more  than  tliat,  how  to 
use  your  apparatus,  explaining  away  all  difficulties.  It  tells  you  just  how  to 
apply  these  measures  in  the  treatment  of  disease.  The  chapters  on  dental 
radiography  are  particularly  valuable  to  those  interested  in  dental  work. 


Abbott's  Medical  Electricity 

Medical  Elkctricity.  By  George  Knapp  Abbott, 
M.  D.,  Dean  and  Professor  of  Physiologic  Therapy  and 
Practice,  College  of  Medical  Evangelists,  Loma  Linda,  Cali- 
fornia.    i2moof  132  pages,  illustrated.     Cloth,  $1.25  net. 

This  new  work  gives  the  nurse  the  essentials  of  this  subject.     Dr. 

Abbott's  style  has  made  the  difficult  simple.     The  text  is  illustrated. 

Published  April,  1915 
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Gant's  Work  on  Diarrhea 

Diarrhea,  inflammatory  and  F^rasitlc  Diseases  of  the 

Gastrointestinal  Tract,    By  Samiel  ( ;.  G  \nt.  M.  l>. ,  LL.  IX, 

Professor  of  Di^ejises  of  the  Sigmoid  Flexure.  Colon.  Reclimi, 
and  Ana-*,  New  York  Post-Gradiiale  Medical  School  and  Hospital. 
Cktavo  of  604  i»a;;es,  with  181  illustrations.     Cloth,  ;^6.oo  net. 

PntKihcd  Joae.  1915 


ILLUSTRATED 

This  ii**w  work  i">  particularly  full  on  the  two  practical  phases  of  the  subject 
— t/ii/j^fti'Sis  au'i  titattnenf.       lor  instance:    While  the  essential  dia^rnostic 
points  arc  j;iven  under  each  di.seii>e,  a  fuller  description  of  diagnostic  methods 
is  given  in  a  5|)ecial  chaj)ter.     The  liifferetitia!  dii^nosis  of  diarrheas  of  lf>cnl 
and  tho-e  of  systematic   di^turbance>   is   -trn.ijriy  brought  out.     There  is  a 
si)ecial  cha)  l<:r  on  ito-zoif  liinrrh.-.i    uimI  ih<j.-c  tnij^inatinc:  from  ^astrogenic 
iind  £///  rfl^fnii    •iy^pep-.hi'^.     Vou  ^ct  ih--  p.-ychoiherapy  ot  |>sychic  diarrhea>. 
You  get  reliable  Tnelho<i^  of  ^>imuIfaTu:ou^ly  C'-ntrol!ingas>ocialedconstip>ation 
and  durrhea.     V«mi  get  .1  conij.lete  /'.•> mu/tiiy — prescrii  tion>  from  Dr.  Ganl*5 
own  practice.      There   i.->   a   ( i-apter  on    iio<)k\vonn>.    tapeworms  and   round 
wv-nn-,  and  on  the  diarrheas  cau-e<l  by  iliein  an-i  otlier  jara'^ites.      'Ihischap- 
ler  cor.tains  many  txct'lliiit  i/iit  fi  ii/ioi's.     Tiir  iiniitation>  of  lirugs  are  |"»oinied 
oul«   the  danger^  of  their  u.">c  etnjjlinsize'l,  am!    ti.e   indications   for  surgical 
intervention  given.     Vou  get  the //. /////r   /;/  de-iu'  <.f  all  >urgical  procedures 
rid'A'Alod— fully  illustrated. 


CUnt*s  Intestinal  Stasis  (Constipation  &nd  Obstruction) 

•     \  >\  'jk  i>  medical,  non-medic  al  met  h.ii.iL.il  ),  iiiid  surgical,  the  lat- 

»  V  !\    v-'.^S  a  complete  work  on  ie<  ii.rolfmie  surger\.     The  chapters 

.*  \<%  ••    ^yntnastics  and  ma    n^e  arc  llie  outgrowth  of  Dr.  Gant's 

..4    s-\»v»»ei^o.      Vou  get    i)r.uli(al   aiiicles  on  diverti,u!iti>^  peri- 

,  ■.     .     s  •;, .'.'/.'/.',   pt-risi-moiddi      {/,/U-.,>fi' ■  m.-/f//>/\inr).   Lane's 

4K\r.^MN  of  the  ileo.rcal  valve. 

»   ,...,w*    •nS  -'iw>  JlhJStrations.     I'.y  Samiki.  (1    Cam.   M    D.,  I.l,.  D.. 
^  .  ,  ...  .   -.^.H-^'v    Mrdical  Sch.H.l   and    H«>«ipital.       Cloih.  ff.  .>    net. 

Second  Edition  published  October.  1916 

.....     4Kv»i  vvmplete  Ireati^  on  llie.-'e  Mibj.cts."  — J/.-.//V<// 
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Cabot's  Differential  Diagnosis 

Differential  Diagnosis.     Presented  througn  an  analysis  of 

385  Cases.  By  Richard  C.  Cabot,  M.D.,  Assistant  Professor  of 
Clinical  Medicine,  Harvard  Medical  School.  Two  octavos  of 
750  pages  each,  illustrated.     Per  volume  :  Cloth,  $6.00  net. 

VOLUME  I  [Third  E<lition— January,  1915]:  Headache,  pain  in  various 
regions,  fevers,  chills,  coma,  convulsions,  weakness,  cough,  vomiting,  hema- 
turia, dyspnea,  jaun«lic«',  and  nervousness — 21  symptoms  and  385  cases. 

VOLUHfE  2:  Treats  of  abdominal  and  other  tumors,  vertigo,  diarrhea, 
dyspepsia,  heniatemesis,  enlarged  glands,  blood  in  stools,  swelling  of  face, 
hemoptysis,  edema  of  legs,  frequent  micturition  and  polyuria,  fainting,  hoarse- 
ne'is.  pallor,  swelling  of  arm,  dr'lirium,  palpitation  and  arhythniia,  tremor, 
ascites  and  abdominal  enlargement — 19  symptoms  and  317  cases.     Dec..  1914 


Morrow's  Dia££nostic  and 
Therapeutic   Technic 

Dias^nostic  and  Therapeutic  Technic.  By  Albert  S. 
Morrow,  M.D.,  Adjunct  Professor  of  Surgery,  New  York  Poly- 
clinic.    Octavo  of  830  pages,  with  860  original  line  drawings. 

Cloth,  $5.50  net.  Published  January,  1915 

SECOND  EDITION 

Dr.  Morrow's  now  edition  is  decidedlv  a  work  for  V(ni— the  phvsician  en- 
gaged  in  general  practice.  It  is  a  work  you  need  because  it  tells  you  just 
how  to  perform  tho>e  proce<lures  required  of  you  every  day,  and  it  tells  you 
and  shmvs  you  by  clear,  «<Tt/ line-drawings,  in  a  way  never  before  approached. 
The  information  it  gives  is  such  as  you  need  to  know  every  day — transfusion 
and  infusion,  hypodermic  niedication,  Bier's  hyperemia,  exploratory  punc. 
turcs,  a.spirations,  anesthesia,  etc. 

Journal  American  Medical  Association 

"  I'he  prcM  edures  described  are  those  which  practitioners  may  at  some  time  be  called 
on  to  perform." 
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Garrison's  History  of  Medicine 

History  of  Medicine.  With  Medical  Chronology,  Biblio- 
graphic Data,  and  Test  Questions.  By  Fielding  H.  Garrison, 
M.  D.,  Principal  Assistant  Librarian,  Surgeon-General's  Office, 
Washington,  D.  C.     Octavo  of  905  pages,  illustrated.     Cloth, 

$6.50  net.  Pabliahed  Jane.  1917 

THE  BAEDEKER  OF  MEDICAL  HISTORY 

The  work  begins  with  ancient  and  primitive  medicine,  and  carries  you  in 
a  most  interesting  and  instructive  way  on  through  Egyptian  medicine,  Sumerian 
and  Oriental  medicine.  Greek  medicine,  the  Byzantine  period ;    the  Mohamme- 
dan and  Jewish  periods,  the  Medieval  period,  the  period  of  the  Renaissance, 
the  Revival  of  learnin*;  and  the  Reformation  ;  the  Seventeenth  Century  (the 
age  of  individual  scientific  endeavor),  the  Eighteenth  Century  (the  age  of 
theories  and  systems),  ilie  Nineteenth  Century  (the  beginning  of  organized  ad- 
vancement of  science),  the  Twentieth  Century  (the  beginning  of  oi^nizeil 
preventive  medicine).     You  get  all  the  important  facts  in  medical  history;  a 
biographic  i/iciiontny  odhe  makers  of  medical  history,  arranged  alphabetically; 
an  album  of  medical  portraits;  a  complete  medical  chronology  (data  on  dis- 
eases, dru^s.  operations,  etc.);  a  brief  survey  of  the  socitxl  and  cultural  phases 
of  each  period. 


McKenzie  on  E^xercise      S"^^ 

Exercise  in  Education  and  Medicine.  By  R.  Tait 
McKhnzik,  B.  a.,  M.  D.,  Professor  of  Physical  Education,  and 
Director  of  the  Department,  University  of  Pennsylvania.  Oc- 
tavo of  585  pages,  with  478  illustrations.     Cloth.  $4.00  net. 

Published  June,  1915 

D.  A.  Sargent,  M.  D.,  Pncctor  of  llem.-^r.v.xy   GytuKasium,  HiXJ^'m d  Unittertity. 

"  It  cannot  f.iil  to  be  lu'lpful  to  pr.i<  titioners  in  mrdicine.  The  cla-.sificatioti  of  athletic 
games  and  excniscs  in  tabular  form  for  (Hflferenr  ages,  sexes,  and  occupations  is  the  work  of 
an  expert.     It  should  be  in  the  hands  of  every  physical  educator  and  medical  practitioner.** 


Carter's  Diet  Lists 

DiKT  Lists  OK  iHK  rKKsiiYTi  kian  IIospitai.  ok  Nfav  V<»kk  City. 
Compiled,  witli  notes,  hy  IIkrukkt  S.  Cxktkk,  M.  D.  l2mo  of  129 
pages.      Cloth,  31.00  net.  Published  May,  1913 

Bonney's  Tuberculosis         ^•^^"^  Edwon-May.  i9io 

Tu«ERCiiLOSis.  By  Shkrman  G.  TioNNEY,  M.D.,  Professor  of 
Medicine,  Denver  and  Gross  Cullej^e  of  Medicine.  Octavo  of  955  pages, 
with  243  illustrations.     Cloth,  S7.00  net ;  Half  Morocco,  I8.50  net. 


^ 


THE  PRACTICE   OF  MEDICIKi 

Anders' 
Practice    of    Medicine 

A  Text-Book  o(  the  Practice  of  Medicine.  Bv  James 
M.  Anders,  M,  D..  Ph.  D..  LL.  D,,  University  of  Pennsyl- 
vania. ThirU-tnlh  MUion  with  the  assistntue  of  Johx  H. 
MUSSER,  Jr.,  M.  D.,  Utiiyersity  of  Pennsylvania.  Octavo  of 
125c)  pages,  illustrated.     Cloth,  $().oo  net. 

THIRTEENTH  EDITION— Publitbed  October.  Iffir 

The  luccns  of  Ibis  work  is  no  doubl  due  to  Ihe  eitensive  consideialion 
given  to  Diagnosis  and  TreatmeDt.  under  Differential  Dbgnosis  the  point  of 
dislinclion  of  simuladng  diseases  being  prrsenled  in  tabular  form.  In  this 
new  edition  Dr.  Anders  has  included  oil  the  mosl  important  advances  in 
medicine,  keeping  the  book  within  bounds  by  a  judicious  elimination  of 
obsolete  matter.  A  great  many  articles  have  alio  l:ieen  rewritten. 
Wm.  E.  Qutne.  M.  D.,  Cellt^e  b/ P^ysletaiii  aid  Snrgtotis,  Chieago. 

"Iconuder  Andoi'  Fnctici:  one  ol  tbe  bml  tingle-volume  works  before  the  profcssioB 
at  Ibis  time,  juid  dim  dT  the  txM  tent -books  for  medical  students," 


DaCosta's  Pliysical  Diagnosis 

Physical  Diagnosis.      By  John  C.  DaCosta,  Jr.,  Asso- 
ciate Professor  of  Medicine,  Jefferson  Medical  College.    Octavo 
of  i;89  pages,  with  original  illustrations,       Cloth,  $3.50  net. 
THIRD  EDITION— pubHthed  November.  1915 

In  Dr.  DaCosla's  work  eveir  method  given  has  been  carefully  tested  and 
proved  of  valuta  by  the  nuthor  himself,  NormiU  physical  signs  are  eMpLiined 
in  detail  in  order  to  aid  the  diagnostician  in  determining  the  abnormal.  Both 
direct  and  differential  diagnosis  are  cmphasiKd.  The  243  original  illuslia- 
lions  are  artistic  as  well  as  practical. 

Henry  L.  Elmer.  M.  D.,  Frofissor  fif  Medicine,  Syrarmt  IMrDersity 


8  SACNDEh'S"  BOOKS  ON 

Strouse  and  Perry's  Food 

for  the  Sick 

Food  for  the  Sick.  By  Solomon  Strouse,  M.  D.,  Pro- 
fessor of  Medicine,  Post-Graduate  Medical  School,  Chicago: 
and  Maude  A.  Perry,  B.  S.,  Dietitian  Michael  Reese  Hospital. 
i2mo  of  270  pages.     Cloth,  $1.50  net.  PuWiihed  Angiwt.  imt 

rOR  PHYSICIAN.  NURSE.  AND  PATIENT 

This  manual  contains  283  diets  and  menus,  and  125  special  recipes 
supplying  a  thorough  dietetic  treatment  for  all  the  nutritional  diseases. 
Diets  aro  piven  for  diabetes  {starvation  treatment)^  gout,  nephritis,  high 
blood-pressure,  kidney  stone,  diseases  of  the  stomach,  intestines,  liver,  gall- 
stones, tuberculosis,  fevers,  skin  affections,  obesity^  anemia,  etc. 

Friedenwald  &  Ruhrah  on  Diet 

Diet  in  Health  and  Disease.  Hy  Julius  Pkied£nwam>, 
M.  I).,  Professor  of  Oiseases  of  the  Stomach,  and  John  Rthrah, 
M.  1).,  Professor  of  Diseases  of  Children,  (College  of  Physicians 
and  Surgeons,  Baltimore.   ( )cta\  o  of  85  7  images.    Cloth,  $4. 00  net. 

FOURTH  EDITION 

Dirtftic  management  in  .ill  diseases  in  which  diet  plays  a  part  in  treat- 
ment is  carefully  consitlered,  the  articles  on  diet  in  diseases  of  the  digestive 
iTjjans  containing  numerous  diet  lists  and  explicit  instructions  for  administra- 
tion. The  feeding  of  infants  and  children,  of  }>atients  before  and  after  ane:>- 
thesia  and  ())»erali<»ns,  are  ail  taken  up  in  detail.  Published  July,  1913 

*'  (t  seems  to  mc  that  you  have  prepared  tlie  most  valuable  work  of  the  kind  now  avail- 
able. 1  am  e»pecially  jjlad  to  see  the  long  list  of  analyses  of  different  kinds  of  food." — • 
Gkorc;b  Dock,  .M.  D..  fM-ane  L^nh-fpsiiy  of  Louisiana, 


E^eston's  Prescription  Writing 


This  new  work  is  a  crystallization  of  Dr.  Kggleston's  long  experience 
in  teaching  this  subject.  It  covers  the  entire  field  in  a  most  pnctical  way, 
taking  up  grammar,  constructix)n,  dosage,  vehicles,  incompatibility,  ad- 
ministration, etc.  Second  Edition  published  November,  1917 

I^mo  of  i.u  paf:es.      Hy   (vry   Kgglkston.  M.  D..   In-^lnutor  in  rharmacoloK>'  at 
t'orniU  University  Mcdicil  ('t)llryr.     Cloth.  %\.2\  ntt 
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Kemp  on  Stomach, 
Intestines,  and  Pancreas 

Diseases  of  the  Stomach,  Intestines,  and   Pancreas. 

By  Robert  Coleman  Kemp,  M.  D.,  Professor  of  Gastro-intes- 
tinal  Diseases  at  the  New  York  School  of  Clinical  Medicine. 
Octavo  of  1096  imges,  with  428  illustrations.     .Cloth,  $7.00  net. 

THIRD  EDITION -publuhed  April.  1917 

li  is  the  practitioner  who  first  meets  with  these  cases,  and  it  is  he  upon 
whom  ilie  burden  of  diagnosis  rests.  After  the  diagnosis  Ms  established,  the 
practitioner,  if  proj^rly  equipped,  could  frequently  treat  the  case  himself 
instead  of  transferring  it  to  a  specialist.  This  work  is  intended  to  equip  the 
practitioner  with  this  end  in  view. 

The  Therapeutic  Gazette 

"The  therapeutic  advice  which  is  jfivcn  is  excellent.  Methods  of  physical  and 
chemical  examination  are  adequately  and  correctly  described." 


Bastedo's  Materia  Medicat  Pharmacolo^^, 
Therapeutics,  and     Prescription     l^riting 

By  W.  A.  Bastedo,  M.  D.,  Assistant  Professor  of  Clinical 
Medicine,  Columbia  University.  Octavo  of  650  pages,  illus- 
trated. 

SECOND  EDITION— Published  January.  1918 

Dr.  Baste<lo's  new  work  has  the  distinct  advantage  of  presenting  the 
sul)jecis  from  both  the  laboratory  and  the  clinical  sides.  Dr.  Bastedo  for 
many  years  devoted  his  entire  time  to  laboratory  work.  Now,  however,  he 
is  strictly  a  clinical  man.  He  gives  you  the  practical,  daily  application  of  that 
information  he  gleaned  at  first  hand  in  the  laboratory — facts  you  can  use  '\\\ 
your  bedside  practice.  Because  of  this  early  laboratory  training  you  are 
assured  that  his  book  is  correct  according  to  laboratory  standards.  Being 
now  a  strictly  clinical  man,  you  know  that  his  book  is  modeled  with  the  common 
purj>o8e  of  all  medical  practice  :    The  treatment  of  the  sick. 


lo  SAUXDERS'    BOOKS    ON 

Fau^ht's  Blood-Pressure 

Blood-Pressure    from    the    Clinical    Standpoint.      By 

Francis  A.  Faught,  M.  D.,  formerly  Director  of  the  Laboratory 
of  Clinical  Medicine  of  the  Medico-Chirurgical  College  of  Phila- 
delphia.   Octavo  of  478  pages,  illustrated.     Cloth,  $3.25  net. 

SECOND  EDITION— published  November,  1916 

Dr.  Faught's  l)ook  is  designed  for  practical  help  at  the  bedside.  It  meets 
the  uri;ent  needs  of  the  general  practitioner,  who  heretofore  had  no  book  to 
which  to  turn  in  case  of  emergency.  Every  effort  has  been  made  to  provide 
here  a  practical  guide,  full  of  information  of  a  clinical  nature,  and  presented 
in  a  way  readily  available  for  daily  use  by  the  busy  man.  Besides  the  actual 
technic  of  using  the  sphygmomanometer  in  diagnosing  disease,  Dr.  Faught 
has  included  a  brief  general  discussion  of  the  process  of  circulation.  The 
practical  application  of  sphygmomanomctric  findings  within  recent  years  makes 
it  imperative  for  every  medical  man  to  have  close  at  hand  an  up-to-date  work 
on  this  subject.  ^^^^^^^^^ 

Anders  and  Boston's  Medical 

Diagnosis 

A  Text-Book  of  Medical  Diagnosis.  By  James  M.  An- 
ders, M.  D.,  Ph.  D.,  LL.D.,  Professor  of  Medicine,  and  L. 
Napoleon  Boston,  M.  1).,  Professor  of  I'hysical  Diagnosis, 
University  of  Pennsylvania.     Octavo  of  1248  pages,  with  466 

illustrations.      Cloth,  ^6.00  net.  Published  July,  1914 

SECOND  EDITION 

This  new  work  is  designed  expressly  for  the  general  }>ractitionei.  The 
metiu>d>.  given  are  practical  and  especially  adapted  lor  quick  reference.  Thr 
diagnostic  methods  are  presented  in  a  ft)rceful,  ditiiute  way  by  men  who  have 
had  wide  experience  at  the  bedside  and  in  the  clinical  laboratory. 

The  Medical  Record 

"The  association   in  its  authorship  of  a  ctlebratfd  ciinii  ian  and  a  well-known  Iabonb> 
tory  worker  is  most  fortunate.      It  must  loiijf  occupy  a  pre-eminent  position. " 
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De&derick  &  Thompson's  Endemic  Diseases  of  South 

Endemic  Diseases  of  the  Southern  States.  By  William 
H.  Deadkrick,  M.  D.,  Member  American  Society  of  Tropical  Medicine; 
and  LoYD  Thompson,  M.  D.,  Charter  Member  American  Association  of 
Immunologists.       Octavo  of  546  pages,  illustrated.        Cloth,  I5.00  net 

Pablished  March,  1916 

This  new  work  is  really  a  collection  of  monographs  on  malaria,  blackwater  fever. 

KJla^a,  amebic  dysentery,  hookworm     disease,    and    other    intestinal    parasites 
iagnosis,  prophylaxis,  and  treatment  are  gone  into  in  detail,  giving  you  every  aid  to 
the  correct  interpretation  of  the  symptoms  presented,  and  every  modem  means  ot 
value  in  the  prevention  and  treatment  of  the  diseanes  discussed 


Smith's  What  to  Eat  and  Why  Second  edition 

What  to  Eat  and  Why.  By  G.  Carroll  Smiih,  M.  D.,  Boston. 
12010  of  377  pages.     Cloth,  I2.75  net.  Published  September,  I9IS 

With  this  book  you  no  longer  need  send  your  patients  to  a  specialist  to  be  dieted— 
you  will  be  able  to  prescribe  the  suitable  diet  yourself,  just  as  you  do  other  forms  of 
therapy.  Dr.  Smith  gives  'the  why"  of  each  statement  he  makes.  It  is  this  knowing 
why  which  gives  you  confidence  in  the  book,  which  makes  you  feel  that  Dr.  Smith 
knows. 


Ward's  Bedside  Hematology 

Bkdside  Hkmatolck:y.  By  Gordon  R.  Ward,  M.  D.,  Fellow  of 
the  Royal  Society  of  Medicine,  London,  Engl.nnd.  Octavo  of  304 
pages,  illustrate<l.     Cloth,  I3.50  net.  Published  Aprfl.  1914 

Slade's  Physical  Examination  £f  Diagnostic  Anatomy 

Physical  Examination  and  Diagnostic  Anatomy.     By   Charles 
B.  Slade,  M.  D..  Chief  of  Clinic  in  General  Medicine,  University   and 
Bellevue   Hospital    Medical  College.     i2mo  of  150  pages,   illustrated. 
Cloth,  $1.25  net.  Second  Cditioii— published  September,  1916 


Todd's  CUnical  Diagnosis  ThW  Edition 

Clinical  Diagnosis.  By  James  Campbell  Todd,  M.  D.,  Professor 
of  Clinical  Pathology,  University  of  Colorado,  Denver.  i2mo  of  585 
pages,  illustrated.     Cloth,  $2.50  net.  Publiihed  October,  1914 
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Norris    &    Landis' 
Physical  Dia^fnosis 

Physical  Dias:nosis.  Part  1:  By  George  Williaai 
XoRRis,  A.  B.,  M.  L).,  Associate  in  Medicine  at  the  University 
of  IVnnsylvania.  Part  II:  By  11.  R.  M.  Landis,  A.B.,  M.  D., 
Director  of  Clinical  and  Sociolo^^ical  Department  of  the  Phipps 
Institute,  Philadelphia.  Octavo  of  782  pages,  with  413  illus- 
trations, mostly  original.  Cloth,  S7.00  net.     Published  Aufu«t,  1917 

This  work  presents  an  admirable  combination  of  the  theor>*  and  appli- 
cations of  physical  diagnosis.  It  is  complete  down  to  the  last  detail,  'fhc 
t"ir>t  part  takes  up  the  methixis  in  themseh-es.  InsiH'ction,  palpation,  jx^r- 
cus>i<>n,  and  auscultation  are  comi)letcly  covered  in  the  examination  Iwth 
of  the  lunKs  and  of  the  heart.  The  second  [)art  takes  up  the  j^articular 
<lisea>t'>  of  the  bronchi,  of  the  lun^s,  of  the  pleura,  diaphragm,  ixrricardium. 
luart  and  aorta,  and  shows  you  exactly  how  to  determine  the  diagno>i> 
by  the  symptoms  and  lindin^s.  Vou  Ret  here  the  application  of  the  four 
mcllnMls  to  vour  daily  clinical  wt)rk. 


Carman  &  Miller's 
X-ray   Diagnosis 

Ronts^en  Diagnosis  of  Disease  of  the  Alimentary 
Canal.  By  Risskll  I).  Carman,  M.  D.,  Head  of  Section  on 
Rontgenology,  and  Albkrt  Millkr,  M.  I).,  Second  Assistant 
in  Section  on  Rontgenology,  Division  of  Medicine  in  The  Mayc» 
Clinic,  Rochester,  Minn.  Octavo  of  55vS  pages,  with  504  illus- 
trations.     Cloth,  56.00  net.  Published  May,  1917 

This  work  takc<  up  the  dia^nosis  of  disease  of  the  alimentary  tract, 
following  its  coursr  from  the  esophagus  to  the  rectum.  You  are  told  what 
apparatus  is  needed,  and  exactly  now  to  u^e  it,  with  formulas  for  the  barium 
meal  and  enema.  Vou  are  jjiven  the  R«  ntKcn  af>pearance  of  the  normal 
orpan  under  discu>sion.  what  apiK-arances  >ij;nify  abnormality,  and  e.\actl> 
how  to  detect  abnormality.  Then  you  ^cl  the  nint^enoloj^ic  symptoms  of 
every  disease  of  the  orjjan.  followed  by  several  actual  example^  of  each  to 
show  individual  variations,  and  an  extensive  bibliojjranhy  on  every  tof)ic. 
A  few  of  the  important  tonic*;  treated  are  early  cancer,  diverticula.  >;a>trop- 
tosis,  "hunger-pain"  in  dumUnal  ulcer.  Lane's  kinks,  auto-intoxication, 
an<l  intestinal  stasis. 
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Hinsdale's  Hydrotherapy 

Hydrotherapy :  A  Treatise  on  Hydrotherapy  in  General ; 
Its  Application  to  Special  Affections ;  the  Technic  or  Processes 
Employed,  and  the  Use  of  Waters  Internally.  By  Guy  Hinsdale, 
M.  D.,  Fellow  of  the  Roval  Society  of  Medicine  of  (ireat  Britain. 
Octavo  of  466  pages,  illustrated.       Cloth, $3. 50  net. 

Published  August,  1910 
The  Medicci  Record 

"  We  cannot  conceive  of  a  work  more  useful  to  the  general  practitioner  than  this,  nor 
one  to  which  he  would  resort  more  frequently  for  reference  and  (i^uidance  in  his  daily 
work." 


Kelly's  Cyclopedia  of  American 
Medical  Biography 

Cyclopedia  of  American  Medical  Bioi^raphy.  By  How- 
ard .\.  Kkllv,  ^^.  D.,  Johns  Hopkins  University.  Two  octavos 
of  525  pages  each,  with  portraits.     Per  set :  Cloth,  Sio.oo  net 

Published  April.  1912 

l>r.  Kelly,  in  these  two  handsome  volumes,  pre>enls  concise,  yet  com- 
plete biographies  of  lliose  men  and  women  who  have  contributed  notewor- 
thily  to  the  advancement  of  medicine  in  America.  Dr.  Kelly's  re}>utation  for 
painstaking  care  assures  accuracy  of  statement.  There  are  al»oul  one  thousand 
Itjoyraphies  included. 


Amy's  Pharmacy 


New  (2d)  Edition 


Principles  of  Pharmacy.  By  Henry  V.  Arny,  Ph.  G., 
Ph.  D.,  Professor  of  Chemistry,  New  York  College  of  Phar- 
macy. Thoroughly  revised  and  reset  throughout.  Based  on 
the  ninth  edition  of  the  United  States  Pharmacopoeia  and  the 
fourth  revision  of  the  National  Formulary'.  Octavo  of  1056' 
pages,  with  246  illustrations.     Cloth,  $5.50  net. 

Published  March,  1917 

Bohm  and  Painter's  Massage 

Massagk.  By  Max  Bohm,  M.  D.,  of  Berlin,  Germany.  Edited* 
with  an  Introduction,  by  Charles  F.  Painter,  M.  D. , 'Professor  of 
Orthopedic  Surgery  at  Tufts  College  Medical  School,  Boston.  OcUto 
of  91  pages,  with  97  practical  illustrations.     Cloth,  ^1.75  "^^'    !*"*•• '' 


■4  SAVXDERS'    POOKS   OH 

THE  BEST  /unenCoIl  STANDARD 

Illustrated   Dictionary 

The  New  (9th)    Edition.  Reiet 

The  American  Illustrated  Medical  Dictionary.     By  \V.  A. 

NtWMAN   DoKijiND,   M,  1).,  Kditot  of  "The  Ameriraii   Pocket 
Medical  Diciionary. "     Octavo  of  1179  |ages.      Flexible  leather, 

J5.00  net  i    with  thumb  in<k\,  $5.50  nel.       Publuhed  Seplembei,  191T 

OVER  2000  NEW  WORDS 

Howard  A.  Kelly,  M.  D..  /-*«  //../*/».  Vnr,->.,iiy,  B^iii<,wrr. 


Sollmann's  Pharmacology 

A  Manual  of  Pharmacology:  Its  jXppi.tcatio-js  to  Therapeutics 
AM)  ToMcoi.gGV.  Hy  Tiirald  Sch.luans,  SI.  1)..  Professor  of  Phartn&- 
cology  and  Materia  Mcilica  in  the  School  of  Medicine  of  Weslem  Reserve 
University.  Clevelaml.     Octavo  of  qoi  pages,  illusltated.     Cioth,  S4.5onct. 

sa  A  |u||  *  I  This  is  the  text  or  reference  volume.     Throughout  the 

work  the  rdaiioH  of  pharmarology  to  Ike  firaclitr  of 
imdUiiK  is  forcibly  cmphasizcil.  Those  drugs  that  you  actually  use  in 
youi  practice  are  discussed  extensively,  while  those  used  less  frequently  are 
dismissed  with  less  consideration.  All  the  new  remedies  are  included,  with 
detailed  instructions  For  tlieir  use:  \'accine$,  serums,  salvarsan.  neosalvar- 
san,  pituitary  extract,  cmelin— all  those  new  remedies  of  the  Pharmacopeia 
being  so  extensively  discussed  and  employed.  Every  worthwhile  develop- 
ment in  the  tidd  of  pharmacology  is  included.  PobU^ed  Febnuiy,  1917 

LABORATORY  GUIDE.    Th.™K»sinthis;^i«...,y 

Oiiide  present  no  ditncuUy  in 
technic,  and  require  little  help  from  the  instructor.  They  teach  you  how 
to  teach  yourself.  S|>ecial  stress  is  laid  on  facts  with  direct  practical  bear- 
ing. "  Technical  Xotes"  are  introduced  for  more  detailed  informalion  for 
Ihe  instructor  and  investigator. 
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Pocket  Dictionary      ^^  ( ,0^,)  Edhion 

The  Amkrican  Pocket  Mkdical  Dictionary.  Edited  by  AV. 
A.  Xkwman  Dori.and,  M.D.  Flexible  leather,  with  gold  edges/ji.25 
net ;  with  thumb  index,  $1.50  neL  Published  September   1917 

Cohen  and  Eshner*s  Diagnosis.         Second  Edition.  IQOO 

Essentials  of  Diagnosis.  By  S.  Soi.is-Cohen,  M.  D.,  and  A.  A. 
EsHNER,  M.  D.  Post-octavo,  382  pages  ;  55  illustrations.  Cloth,  |i.2S 
net.      In  Saunder^  Question- Compend  Series, 

Sollmann's  Actions  of  Drugs  Just  out 

The  Actions  of  Drugs.  By  Torald  Sollmann,  M.  D.,  Professor 
of  Pharmacology  and  Materia  Medica,  Western  Reserve  University. 
i2mo  of  213  pages.     Cloth,  $1.50  net.  Published  October,  1917 

Deaderick  on  Malaria 

Practical  Stidv  of  Malaria.  By  William  H.  Diaderick, 
M.  D.,  Member  American  Society  of  Tropical  Medicine.  Octavo  of 
402  pages,  illustrated.     Cloth,  ^.50  net  Published  November,  1909 

Goepp's  State  Board  Questions  New  (4th)  Edition 

State  Board  Questions  and  Answers.  By  R.  Max  Goepp, 
M.  D-,  Prolessor  of  Clinical  Medicine,  Philadelphia  Polyclinic.  Octavo 
of  715  pages.  Published  March,  1917.  Qoth,  $4.2$  net. 

Niles  on    Pellagra  Second  Edition— January,  1916 

Pellagra.  By  George  M.  Nile-;,  M.  D.,  Gastro-enterologist  to 
the  Georgia  Baptist  Hospital,  Atlant.i.  Octavoof  253  pages,  illustrated. 
Cloth,  I3.00  net. 


Arnold's  Medical  Diet  Charts 

Medical  Diet  Charts.  Prepared  by  H.  D.  Arnold,  M.  D., 
Professor  of  Clinical  Medicine,  Tufts  Medical  College,  Boston.  Single 
charts,  5  cents;  50  charts,  J2.00  net;  500  charts,  %\Kqo  net;  looo 
charts,  $30.00  net. 

Thornton's  Dose-Gk>ok  Fourth  Edition 

Dose-Book  and  Manual  of  Prescription  Writing.  By  E.  Q. 
Thornton,  M.  D.,  Assistant  Professor  of  Materia  Medica,  Jefferson 
Medical  College,  Philadelphia.  Post-octavo,  410  pages,  illustrated. 
Flexible  leather,  $2.00  net.  Published  September,  1909 

Lusk  on   Nutrition  New  (3d)  Edition. 

Elements  of  the  Science  of  Nutrition.  By  Graham  Lusk, 
Ph.  D.,  Professor  of  Physiology  in  Cornell  University  Medical  School. 
Octavo  of  641  pages.     Goth,  ^.50  net.  Published  July.  1917 

"  I  shall  recommend  it  highly.    It  is  a  comfort  to  have  such  a  discussion  of  tli« 
subject."— Lewellys  F.  Barker,  M.  D.,  Professor  of  the  Principles  and  PraeHf 
Medicine,  Johns  BoPkins  University. 


f-yv^    K*«'-'i-t   '^■viTV-huTikii, 


%*».  Iff,,    (f^n/fi/*  ^  M«"f./ir,«  's„    ,-j=. 


.  ^ 


LASE  MEEUC^L  LIBRARY 

T*  awoM  iK.  An   book  itaM  be  return^    ot> 
M-  hdwe  the  •bte  last  «tra»«l  belo«. 

0CT8i  « 

«.« 

IAR15W2 

APR  -5  r 

MAY  1  :■  S 

!jl.h;uZ3 

JUL  24 
22 

L»33    - 

UT  U  2J 

FEfi2i  ?3 

DEC  18  a 

JUN30'24 

c1'.ow 

1 

^pU2t> 

J!551        mil*   C.  46375 

H54         A  nuiual  of  comal 
1917    Mstologjr  and  orgnno- 


